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Introduction

Bulyk, R. Y., Abramov, A. V., Bulyk, T. S., Kryvchanska, M. L., & Viasova, K. V. (2018). The effects of melatonin on
the activity of the c-fos gene in the structures of the hypothalamic paraventricular nucleus under prolonged lighting.
Regulatory Mechanisms in Biosystems, 9(2), 131-134. doi:10.15421/021819

The effect of constant illumination as a stress factor on the state of the "early response" c-fos gene in the lateral
magnocellular subnuclei of the paraventricular nucleus (ImPVN) of the hypothalamus of rats at different time intervals
(day and night) has been studied. To identify c-Fos in histological sections of the hypothalamus, a secondary (indirect)
immunofluorescence method is used. Expression of the product of this gene, the c-Fos protein, in animals kept under
normal conditions of alternation of illumination and darkness, shows a clear-cut circadian character. There was a
significant decrease in the area of the immunopositive sites of structures at night by 19.4% compared to daytime
measurements. The average values of the areas of such immunopositive subnuclei sites varied also in subgroups of rats
under light stimulation conditions, in which samples of InPVN were selected for study at 2 pm and 2 am, but the
differences between groups did not reach the level of reliability. Under conditions of light stress, the c-Fos concentration
index decreased by 29.4% during the day, and by 16.5% at night in relation to similar values in the intact group. In
animals that were in the standard light mode, the c-Fos protein concentration index was significantly higher during the
day than at night. In the intact group, the night value of the c-Fos concentration index averaged only 71.5% of the daily
value. In rats subjected to constant illumination, the day and night values of the c-Fos concentration index did not differ
reliably. To correct stress-induced changes in the activity of the "early response" c-fos gene in the rat hypothalamus,
melatonin (0.5 mg/kg body weight of the animal) was used. Injections of melatonin to rats exposed to constant
illumination normalized the circadian rhythm of the area of the material immunoreactive to c-Fos, compared to the
group of animals that did not receive melatonin. When using melatonin against the background of constant illumination,
a sharp increase of the protein concentration in the ImPVN subnuclei of hypothalamus in daytime and less pronounced
at night intervals was detected. Injections of melatonin to animals were also reflected in the daily dynamics of the index
of c-Fos protein content in the ImPVN subnuclei under conditions of constant illumination. In the daytime observation
period, the index was almost twice the experimental data on stressed animals without the introduction of the hormone,
bringing it closer to normal. Prospects for further research in this sphere will allow us to better understand the place and
role of subnuclei of paraventricular nuclei of the hypothalamus in the mechanisms of the formation of circadian rhythms
of the rat brain.

Keywords: lateral magnocellular subnuclei; gene expression; c-Fos protein; photoperiod

coordination of functions and consist of a number of neuronal
populations, subnuclei, which differ in structural-functional features and

Within a wide range of environmental parameters, the photoperiod
is the most reliable and stable synchronizing factor for homeothermic
animals, including humans (Abreu & Braganga, 2015; Lacoste et al.,
2015; Arushanyan & Shchetinin, 2016). Changes in the duration of the
main timer, photoperiod, as a stress factor, desynchronize the rhythms
of somatic and visceral functions (Houdek & Sumova, 2014; Bedont &
Blackshaw, 2015; Wang et al,, 2015), as well as coordination and
modulation of the mechanisms of adaptation of the organism to the
influence of various factors (Kobayashi et al., 2015; Kozaki et al.,
2015).The pineal gland is actively involved in the stress response, being
responsible for triggering a stress reaction and ensures adaptation of the
body to changing environmental conditions (Zamorskiy et al., 2012;
Erren & Reiter, 2015).

One of the important links of the neuroendocrine system of the
hypothalamus is the paraventricular nucleus (PVN) (Toshinai et al.,
2014; Bains et al., 2015). These structures are the vegetative centers of

the nature of the neural connections with various parts of the nervous
and neuroendocrine systems (Miklos et al., 2014; Bedont et al., 2015).
Disruptions of the light regime (prolonged illumination, constant
darkness) cause immediate changes in the expression of the c-fos gene
in the PVN. The increase of its expression intensifies the synthesis of
the corresponding immunospecific protein, c-Fos (Tymofii et al., 2015).
This peptide participates in the mechanisms of synchronization of this
activity with external cyclic influences, including circadian ones,
associated with alternation of light and darkness (Reiter et al., 2014;
Robinson & Reddy, 2014).

When studying stress reactions and the action of stress-limiting
factors (in particular, the hormone of the pineal gland, melatonin),
studies of these subpopulations of neurons of the hypothalamus, PVN,
are especially important. It is of interest to define the influence of the
light stressor on the state of these subnuclei of PVN. It is important to
study the changes in morphofunctional activity and the level of
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expression of the c-fos early-response gene in structures, and also to
analyze the possibilities of increasing the adaptation of neurosecretory
cells to the damaging effect of constant illumination as a stress factor.
Atthe same time, the information on the effect of melatonin on the
activity of these subpopulations of neurons of the hypothalamic PVN
under different illumination conditions remains relatively limited.

The aim of the study was to evaluate the effect of constant illumi-
nation on the state of the early functional activity gene, c-fos, in the
lateral magnocellular subnuclei of the paraventricular nucleus (ImPVN)
of the rat hypothalamus at different time intervals and to analyze the
change in the activity of this gene when melatonin is applied against the
background of the light stressor.

Material and methods

Experiments were carried out on 48 mature male outbred white rats
weighing 0.15-0.18 kg. The animals were kept in standard animal faci-
lity conditions at a constant temperature and humidity and free access to
water and food. The experimental rats were divided into four groups,
each of which, in turn, consisted of two subgroups (six animals each).

The animals of the first group (intact) were kept for seven days in
the conditions of the usual light regime (light-dark for 12 hours,
illumination from 8 am to 8 pm with fluorescent lamps, the illumination
level in cages with animals was 500 lux). Rats of the second group were
kept for seven days in conditions of constant illumination of similar
intensity (induction of the hypofunction of the pineal gland). The
animals of No. 3 series (control) were under the same experimental
conditions as the rats of No. 1 series, but 1.0 ml of the solvent (0.9%
ethanol solution in normal saline) was injected intraperitoneally daily at
19.00. The animals of series 4 were under experimental conditions, as
were the rats of series 2. Melatonin was injected intraperitoneally at
19.00 (Sigma, USA, purification rate — 99.5%) at a dose of 0.5 mg/kg,
in 1.0 ml of solvent (0.9% solution of ethanol in normal saline).

On the eighth day at 2 pm and 2 am the animals were taken out of
the experiment, and subjected to instant decapitation under Nembutal
anesthesia (40.0 mg/kg, ip). The animal's brain was immediately with-
drawn and placed in a 10% phosphate-buffered formalin solution (0.1 m,
pH 7.2) for 20 hours at room temperature. After a standard procedure of
dehydration and impregnation with chloroform and paraffin, the samp-
les were poured into paraffin. All stages of the experiment were carried
out in compliance with the basic requirements of the European Conven-
tion on Humane Treatment of Animals.

To identify c-Fos, a secondary (indirect) immunofluorescence me-
thod was used in the histological sections of the hypothalamus. Sections
of 14 um in thickness were first dewaxed in xylene, then rehydrated in
ethanol solutions of six descending concentrations (100-40%) and
washed three times for 10 min in phosphate buffer (0.1 m, pH 7.2).

As primary antibodies, rabbit polyclonal antibodies (immunoglo-
bulin-IGG) to c-Fos ("Sigma-Aldrich", USA) were used. First, the
sections were incubated for 45 minutes at 37 °C in 0.3% Triton X-100
("Sigma-Aldrich", USA) on 0.1 m phosphate buffer (pH 7.2) with the
addition of 1% goat serum. Then, primary antibodies to c-Fos (1:1000)
were applied to successive serial sections and incubated for 24 hours in
a humid box at a reduced temperature (4 °C). After washing the excess
primary antibodies in 0.1 M phosphate buffer, the sections were
incubated for 60 min at 37 °C with secondary antibodies at 1 : 200
dilution. As secondary antibodies, goat gamma globulin was used which
is a rabbit globulin antibody conjugated with fluorescein isothiocyanate
(FITC, "Sigma-Aldrich", USA). After incubation, the sections were
washed with phosphate buffer (0.1 m) and placed in a mixture of glyce-
rol and phosphate buffer (9 : 1) for further investigation by luminescen-
ce microscopy. Control of antibody binding specificity was carried out
in a similar manner, except for the incubation step with the primary
antibodies to c-Fos.

Identification of c-Fos in neurons of the hypothalamus and deter-
mination of the content of this protein was carried out using VIDAS-
386, the computer-aided digital image analysis system ("Kontron Elek-
tronik", Germany) in the ultraviolet spectrum. To produce a fluorescent
image, a high-viscous filter with excitation and emission bands of 370

390 and 420450 nm, respectively, and a specialized lens with a wide
aperture were used. Images made by using COHU-4922, an 8-bit CCD
camera ("COHU Inc.", USA) were introduced into a computer image
analysis system VIDAS-386. In this case, the effect of "burnout" of the
drug, associated with the gradual destruction of FITC molecules under
the influence of prolonged ultraviolet irradiation, is impossible. The
introduced immunofluorescence image was digitized on a densitometric
scale with 256 shades of grey. Image analysis was carried out in an
automatic mode using VIDAS-2.5, the application software package
("Kontron Elektronik", Germany). Areas of samples in which the fluo-
rescence intensity significantly exceeded the background values (inhe-
rent in the so-called nonspecific fluorescence), were identified. The area
of these sections and the total cross-sectional area of the subnuclei of the
PVN neurons containing the immunopositive material were measured
(Si and Sn, respectively, pm?). Taking into account the fluorescence
intensity in the immunopositive areas and the fluorescence intensity of
the background (D; and D), the indices characterizing the concentration
of c-Fos and the content of this protein in the nuclei of immunopositive
cells were calculated: K; = | 1g(DyDy) | and C; = K;'S; (conventional
units — c.u.), respectively. Since these indices are relative, rather than
absolute values, we will further refer to them as indices of concentration
and content of c-Fos in immunopositive cells.

The topographic affiliation of the immunopositive neurons to the
individual structures of the hypothalamus was mapped according to the
stereotactic atlas of the rat brain.

The obtained experimental data was processed using a package of
applied and statistical program VIDAS-2.5 (Kontron Elektronik,
Germany). For the samples of all indices, the mean, standard deviation
and average error were calculated. Samples of immunopositive cells of
ImPVN, in which S; and S, were measured, and the values of K; and C;
in various groups of experimental animals were calculated, consisted of
120153 units.

In addition, we calculated the localization density of c-Fos-
immunopositive neurons within the investigated sections of the given
nucleus. For this, the number of such cells was preliminarily determined
in several (four to seven for each animal) randomly chosen fields of
vision, and the average number of similar neurons per 1 mm? of the cut
area was calculated. The normality verification of the distribution of
samples was carried out using the Shapiro-Wilk criterion. Since the
distribution of most samples was not normal, the probability of
differences in the values in the research and control groups of animals
was determined at a significance level of P = 0.05 according to the
Wilcoxon-Mann-Whitney U-criterion.

Results

By identifying the product of the expression of the "early response"
gene c-fos by the immunofluorescence method in the lateral mangocel-
lular subnuclei of the paraventricular nucleus (ImPVN) of the
hypothalamus of intact animals, a significant decrease in the area of
immunopositive sites of the structures at night was detected by 19.4%
(P <0.05) compared to daytime values. The mean values of the areas of
such immunopositive subnuclei sites varied somewhat and in subgroups
of rats that were under light stimulation conditions, in which ImPVN samp-
les were taken for study at 2 pm and 2 am, but the intergroup differences
did not reach the level of probability (Table 1).

Averaged over the entire group (without taking into account the
time of day), the cross-sectional area of the subnuclei neurons of ImPVN
in the animals modeled for epiphyseal hypofunction was significantly
higher than the corresponding values in the intact group. The circadian
dynamics of variations in the cross-sectional area of subnuclei was also
different. In intact rats, the area at 2 am was 11.1% less than at 2 pm.
Ina group of animals that were in constant light, the average cross-
sectional area of the subnuclei at night and day was almost the same. In the
process of pairwise comparison of the corresponding values measured
in different series at 2 pm, it was found that the area of the subnuclei in
light-stressed rats almost coincides with what was observed under
physiological conditions. Analyzing the values in the samples taken at
night, with hypofunction of the pineal gland, the indices are significantly
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larger (by 9.3%), in comparison with the intact group (Table 2). Simula-
tion of epiphyseal hypofunction significantly influenced the concentrati-
on of c-Fos protein in subnuclei of neurons of ImPVN. Under conditi-
ons of light stress, the c-Fos concentration index decreased by 29.4%
during the day, and by 16.5% at night in relation to similar values in the
intact group. In animals under the conditions of the standard light regi-

Table 1

me, the index of protein concentration c-Fos during the day was
significantly higher (P < 0.01) than the analogous value at night. In the
intact group, the night value of the c-Fos concentration index averaged
only 71.5% of the daily value. In rats subjected to constant illumination,
the day and night values of the c-Fos concentration index did not differ
reliably (Table 1).

Characterization of cFos-immunopositive neurons in the lateral magnocellular subnuclei of the paraventricular nucleus
of the hypothalamus of rats’ for different durations of the photoperiod and administration of melatonin (x £ SD, n = 6)

Material c-Fos protein c-Fos protein Size of c-Fos — Total content
Animals series immunoreactive concentration content immunopositive of c-Fos protein in the
to c-Fos, pum’ in neuron, Uy in neuron, Uy neurons, mm’ structure, Uy/mm’

Intact, 2 pm 1309+243 0.30+0.05 444+125 190+39 8436+ 1731
Intact, 2 am 105.5+12.2* 0.24+0.03* 247 +3.9% 204 +27 5029 + 665
Constant illumination, 2 pm 129.3+25.6 0.23+0.05* 29.7+8.6* 127+23 3775+ 684*
Constant illumination, 2 am 12434188 0.20+0.03* 234+34 120+25* 2811+ 586*
Constant illumination + melatonin, 2 pm 1245+294 047+0.05* 57.1+13.7* 120+£22 6854+ 1257
Constant illumination + melatonin, 2 am 111.6+38.9 0.28 +0.03" ** 31.0+10.5%* 132+12 4087 +372

Note: * — probable changes in the parameters of intact animals group of the same time interval at the level of P < 0.05; ** — regarding the parameters of the animals of the

previous time interval within the series at the level P < 0,05; * — for animals exposed to constant illumination at a level of P < 0.05.

Table 2
Effect of light stress on the neuron area of the lateral magnocellular
subnuclei of the paraventricular nucleus (ImPVN) in rats (x+SD, n = 6)

Experimental animals series Neuron area, pum’

Intact, 2 pm 91.1+32
Intact, 2 am 81.0 £4.9**
Constant illumination, 2 pm 88.7+34
Constant illumination, 2 am 88.5+39*

Notes: * — difference from intact animals group of the same time interval at the
level P < 0.05; ** — difference from intact group animals of the previous time
interval within the series at the level P <0.05.

Under these experimental conditions, the index of the c-Fos protein
content in the subnuclei of neurons of ImPVN in the intact group at
2 am was significantly less (by 44.5%, P <0.01) than in the day. In indivi-
duals under conditions of light stress, the daily index of the c-Fos content
was 33.0% lower than that in the intact group, and the night value was
close to the value in this comparison group. The diurnal dynamics of this
parameter turned out to be similar, however, there was no significant
difference between day and night levels in the series of light-stressed
animals.

As to the integrated density of the material immunoreactive to c-
Fos in ImPVN tissue, this parameter varied from 120 to 204 neurons per
1 mm? of the cut-off area in the subgroups studied. Note that in the
intact rats, large values of the localization density of c-Fos-positive
neurons in ImPVN were observed at night, and in the group of animals
under hyperillumination, the circadian dynamics of this index acquired
the reverse character: the density was large in the afternoon. While
determining the density of these neurons, we have not established
intergroup differences in the experimental series (Table 1).

An important effect on the index of c-Fos integrated density in the
ImPVN tissue of the hypothalamus was the changes in the concentrati-
on of this protein and the index of its content in the subnuclei of
neurons. The index of c-Fos total protein density in rats exposed to light
stimulation was 55.3% lower in the afternoon and 44.1% lower at night
than the same value in the intact group.

Injections to rats under standard light conditions, of a solvent (1.0 ml
of a 0.9% solution of ethanol in normal saline) for seven days, did not
significantly change the characteristics of c-Fos-immunopositive
neurons in the ImPVN of hypothalamus. Therefore, the experimental
data obtained in the next stages of the study will be compared with the
parameters of the activity of the “early response” c-fos gene activity and
the product of its expression, the c-Fos protein of intact animals.

Injections of melatonin (0.5 mg/kg body weight of the animal) to
rats subjected to constant illumination normalized the circadian thythm
of the area of the material immunoreactive to c-Fos compared to the
group of animals to which melatonin was not administered. When
melatonin was used against a background of constant illumination, the

hormone led to a sharp increase (0.47 + 0.05 Uif) of protein concentra-
tion in the IMPVN subnuclei of the hypothalamus in the daytime and
less pronounced (0.28 + 0.03 Uif) at night. Injections of melatonin to
animals were also reflected in the daily dynamics of the index of protein
content of c-Fos in the ImPVN subnuclei under the conditions of hypo-
function of the pineal gland. So, at 2 pm the index almost twice
exceeded the experimental data on stressed animals without the intro-
duction of the hormone, bringing it closer to normal. In addition, it was
significantly higher compared with that in sections taken at 2 am (Table 1).
The injection of the hormone to animals with epiphyseal hypofunc-
tion restored the daily rhythm of the integrated density of the material
immunoreactive to c-Fos, but at 2 pm it caused a decrease (by 5.5%),
and at 2 am a moderate increase (by 10.0%) compared to the stressed
animals without correction. The calculation of the index of total density
of c-Fos in the ImPVN subnuclei of the hypothalamus showed that
during the weekly administration of melatonin in daytime, the indicator
was 6 854 % 1257 Uif/mn?’, and at night 4 087 + 372 Uif/mm® Thus
melatonin on a background of constant illumination restored indices
both at 2 pm and 2 am relative to these indices in intact animals (Table 1).
Taking into account the results of the daily expression of the c-fos
gene of the early functional activity in the ImPVN of the hypothalamus,
we note its probable growth in the daytime. In individuals under
conditions of light stress, the daily index of the c-Fos content was 33.0%
lower, and at night it approached the control values of the recorded
diurnal dynamics. Injections of melatonin (0.5 mg/kg body weight) to
light-sensitive animals affected the diurnal dynamics of the index of c-
Fos protein content in ImPVN subnuclei of the hypothalamus. In parti-
cular, at 2 pm the index was approaching the norm. In addition, it was sig-
nificantly higher in comparison with that in the sections taken at 2 am.

Discussion

The leading structure, the pacemaker of circadian periodicity in
mammals, is the suprachiasmatic nucleus of the hypothalamus, and the
role of the main neuroendocrine mediator in providing circadian
periodicity is assigned to the pineal gland (epiphysis of the brain) (Za-
morskiy et al., 2012; Abreu & Braganga, 2015; Erren & Reiter, 2015;
Lacoste et al., 2015; Arushanyan & Shchetinin, 2016). Through the
retino-hypothalamic tract, the SCN receives information on the level of
external illumination. Fluctuations of this level, perceived by the
photoreceptors of the retina, are the main timer for the "biological
clock" of the SCN (Robinson & Reddy, 2014; Bedont & Blackshaw,
2015; Wang et al., 2015). Paraventricular nuclei of the hypothalamus
are also involved in the formation of the temporal organization of
physiological functions. As is known, these structures have complex
cellular organization and include magnocellular and parvicellular
subnuclei, whose neurons differ not only in size and efferent innervation
but also in the spectrum of synthesized neuropeptides (Flak et al., 2014;
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Fan et al., 2016; Franco et al., 2016, Chun et al., 2017). These features
determine the important role of PVN not only in the endocrine
regulation of the trophic functions of the adenohypophysis, but also in
the realization of the neuroendocrine response of the body to stress of
various genesis, including prolonged illumination (Daubert et al., 2014;
Herman et al., 2016; Miyake et al., 2016; Ordyan et al., 2016).

Analysis of the data obtained in this study indicates a clear
circadian character of the expression of the product of the "early
response” gene of the c-fos, c-Fos protein in animals kept under normal
conditions of alternation of illumination and darkness. Taking into
account the results of the daily expression of the gene of the early
functional activity of c-fos in the hypothalamus ImPVN, its probable
growth in the daytime should be noted. In animals exposed to light
stress, the daily index of the c-Fos content was 33.0% lower, and in the
night time it was approaching the control values of the registered diurnal
dynamics. Injections of melatonin (0.5 mg/kg of mass) to light-stressed
animals reflected on the daily dynamics of the studied parameters,
including the index of c-Fos protein content in the subnucleus of the
hypothalamus ImPVN. In particular, at 2 pm the index was approaching
the norm. In addition, it was significantly higher and in comparison with
that in the sections taken at 2 am.

Changes in the geometric dimensions of cells and intracellular
organelles are probably a very important phenomenon, which has not yet
attracted due attention. As for the changes in the size of the nuclei of
neurons, the most likely common cause of this can be considered changes
in the intensity of protein synthesis, that is, the intensity of expression of
certain genes in the nucleus. Obviously, specific mechanisms of depen-
dence of nuclear sizes on intranuclear processes will be the subject of
special studies.

Conclusion

Expression of the product of the "early response" c-fos gene, c-Fos
protein in animals kept under normal conditions of alternation of illumi-
nation and darkness, showed a clear circadian character. A significant
decrease of 19.4% in the area of the immunopositive sites of structures
was found at night compared to daytime measurements. In individuals
under conditions of light stress, the daily index of the c-Fos content was
33.0% lower, and at night it approached the control values. Injections of
melatonin (0.5 mg/kg body weight) to stress-sensitive animals were
reflected at 2 pm by exceeding the index of c-Fos protein content in the
ImPVN subnuclei almost twice as compared to the experimental data
on stressed animals without hormone administration. At the same time,
the trend towards normalization of the circadian dynamics of the gene
expression was revealed.

Prospects for further research in this area will allow us to better
understand the place and role of the subnuclei of the paraventricular
nucleus of the hypothalamus in the mechanisms of the formation of
circadian rhythms of the mammals’ brain.
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Papanin Institute for of reduced glutathione (GSH), and a marker of peroxidation lipids (LPO) — malonic dialdehyde (MDA)) in the gills of the freshwater
Biology of Inland Waters,  mollusc Anodonta cygnea. Adult specimens of 4. cygnea of both sexes with a shell length of 70-100 mm were selected for the study,
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The change in the activity of the enzymes of the antioxidant system and the increase in the concentration of GSH in 4. cygnea gills,
indicates their involvement in protecting freshwater molluscs from NaCl-induced oxidative stress. The change in the functioning of
the glutathione system may be a compensatory mechanism for changing the NaCl concentration in water. Such biomarkers of
oxidative stress as malonic dialdehyde and enzymes of the antioxidant system are sensitive indicators of changes in NaCl
concentration in water in freshwater bivalve molluscs, for example 4. cygnea.
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Bimisinue xJsiopuaa HaTpUs Ha OMOMAapKepbl OKUCIUTEIBHOI0 cTpecca
MPECHOBOIHOI0 IBYCTBOPYATOr0 MOJUIIOCKA Anodonta cygnea

I. C. Ilecus*, A. B. Pomanosckwit*, 1. C. Kmmosa*, P. A. ®enopos*, E. C. iBanosa™*

*Uncmumym ouonoeuu snympernux 600 umeru M. /. [lananuna PAH, Bopok, Poccus
**Yepenoseyruti cocyoapcmeentvlil yHusepcumem, Yepenoesey, Poccus

BriepBbie HCCIEI0BAHO BIMSHUE M3MEHEHHST KOHIICHTPALMH XJIOpH/Ia HATPUS B BOZC Ha OHOMAapKEphl OKHCIUTEIIBHOIO CTpecca (aHTHOKCHIAHTHBIC
(bepMeHTB! (KaTanasa, IIYTATHOHPEIYKTa3a, [IyTaTHOH-S-TpaHcdepasa), a Takke YPOBHH BOCCTAHOBJICHHOTO IVIYTATHOHA U MapKepa IEPEKHCHOTO
OKFICJICHSI JIMIN/IOB — MAJIOHOBOTO JIUANIB/IETHIA B >Kabpax MpecHOBOHOIO MOJUTIOCKa Anodonta cygnea. s viccnenoBanmii otoOpam 36 B3poCibIX
ocobeii 4. cygnea 0boero nona ¢ HOK pakoBHbI 70-100 MM. Morumrocku coOpaHbl B OHOM U3 3JTHBOB FOT0-3aIa/IHOTO NMo0epexbs Borkekoro mieca
PBIOMHCKOTO BOIOXPAHINIHILA (BOIOXPAHIIIMIIE KacKajia BepxHeil Bomrn). MOITFOCKOB COZIepykai B JTAOOPATOPHBIX YCIIOBUSX B aKBAapHyMax C PEUHOM
BOJIOH M MIECKOM, COOpaHHBIM U3 MecTa MX 0OHTaHKs. Bo Bpemst SKcriepuMeHTa B eMKOCTH ¢ MOJUTIockamu BHockH pactop NaCl (3 r/i) Ha peuHoit Bojie.
ITpoGs! TKaHEl MOJUTIOCKOB OTOMpPAIIX 10 BHECEHII CONEBOTO PacTBOpa, depe3 40 1 120 MuH mocie H3MEeHeH ST KOHIIEHTpAIl|K COMH JI0 3 I/11, 1 depes 20 1
60 muH rocsie cMenb! pactBopa NaCl Ha peunyro Bony. 3menenne konuentparu NaCl B Boge (0-3 1/1) He OBIHSIIO Ha CoAepKaHHe BOZOPACTBOPUMOTO
Genka B skabpax MOJUTEHOCKOB IPH KPAaTKOCPOUHOM Bo3zeticTeiy. Vi3meHenre koHueHTpary NaCl B Bozie BBI3BANO YCHIICHHE MPOLIECCOB MEPEKUCHOTO
OKUCJICHMS JIMIIMZIOB B ka0pax A. cygnea. VI3MeHeHMe aKTHBHOCTH (DEPMCHTOB AHTHOKCHIAHTHON CHCTEMBI ¥ YBEIMYCHHE KOHLICHTPAIWIN
BOCCTAHOBJICHHOTO IVIYTATHOHA B jka0pax A. cygnea ykasbIBaeT Ha WX y4acTHe B 3allUTe MpPEeCHOBOMHOro moiwmocka or NaCl-uHIynupoBaHHOTO
OKHUCIHTEIBHOTO cTpecca. V3veHeHne B ()yHKIMOHMPOBAHUH [Ty TATHOHOBON CHCTEMBI MOKET SIBJISITBCS. KOMITCHCATOPHBIM MEXAHI3MOM Ha M3MEHEHHE
xoHueHTparwmy NaCl B Bozie. Taxue GHOMapKepb! OKCHIATHBHOIO CTPECCa KaK MAJIOHOBbIH AHATBACTH M (PePMEHTBI aHTHOKCHIAHTHOM CHCTEMBI SIBIISTFOTCS
YyBCTBUTE/IBHBIMI HHIMKATOpaMH H3MeHeH!s KoHIeHTparmy NaCl B Bozie y IIpeCHOBOTHBIX JIBYCTBOPYATHIX MOJUTIOCKOB Ha IIpuMepe A. cygnea.

Kimoueavie cosa: aHTIOKCHIAHTHAS CHCTEMA; KATayasa; [Ty TATHOH-S-TpaHc(epasa; [Ty TATHOHPE/LyKTa3a; [Ty TATHOH; MATIOHOBBIH TUATBICTHI]
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Baenenue

Monexymsaphbiit kucaopozn (O,) cocTapiseT OCHOBY OHORHEpreTH-
KU B a3poOHBIX opraHn3Max. OIHAKO €ro HEeMoJIHOE BOCCTAHOBJICHHE
He(epMEHTaTUBHBIMU 1 (hepMEHTaTUBHBIMH TIPOLIECCAMHU TIPUBOIUT K
00pa3oBaHni0 akTUBHBIX (opMm kucrnopoma (ADPK) (Winston & Di
Giulio, 1991). B niporiecce 3BONFOIIMM Y a3pOOHBIX OPraHH3MOB BbIPa-
Gotanack anTHokcuanTHas cucreMa (AOC), koTopast 00e3BpeKUBacT
A®K u obecrieunBaeT 3aluTy KICTOK OT OKHCIUTEIBHBIX TIOBPEKIIC-
wuil. Takum o6pasoM, AOC wrpaet BOXHYIO POib B HOICPKAHUU
BHYTPHKJIETOYHOTO roMeocTasa (Baysoy et al., 2012).

AHTHOKCHJIAHTHAsI CHICTEMA 3allIUThl BKIIFOYAET B ceOsl aHTHOKCH-
JIAHTHBIE (DEPMEHTBI, 4 TAIOKE TAaKHEe HU3KOMOJIEKYJISIPHBIC BEILECTBA
Kak BocctaHoBNeHHBIH TityTatroH (I'JIT), Hekotopsie ButamuHb! (E, C
U T. 11.). DepMEHT CYTepOKCHIMCMyTa3a BoccranasmBaer O, ¢ 00-
pa3oBaHHEM TepeKucH Bogopora. Karamasa, TiyTaTHOHpeIyKTassl 1
TpaHcdepassl yuactByroT B yrimsauun H,O, (Falfushynska et al.,
2012). I'myratnon-S-tpaHc(epaza KaTamm3upyeT pPeakiMi BOCCTAHOB-
JICHHS OPTaHUYECKUX MEPOKCHIOB U TpaHC(OPMALII KCeHOOUOTHKOB,
TIPY 3TOM MICTOYHHMKOM BOZIOPOJIA SIBJISICTCS BOCCTAHOBJICHHBIN Ty Ta-
troH (Liu et al,, 2017). B aT0oM citygae BOCCTAHOBNICHHBII TJTyTaTHOH
MIEPEXOIUT B OKUCICHHYIO (opMy. BoccranaBmiBaer ero depmeHT
miytatroHpenykrasa (Canesi et al., 1999). BoccranoBieHHbI TityTa-
THOH TAalOKe O0JA[aeT aHTHOKCHIAHTHOM aKTMBHOCTBHIO, BBICTyHAs
Helitpam3atopom ADK (Viarengo et al., 1997). Tlostomy muorne
3BEHBS| AHTHOKCHIAHTHOM CUCTEMBI MOTYT HPUMEHSITHCS KaK MHJIMKA-
TOpBI 3arpsi3HeHmst. Takke OHUM U3 CIoco00B OLICHKH I(PeKTUBHO-
cti pabotel cucreMbl AOC sBiseTcsl OnpereieHre KOHLEHTPALI
MPOIYKTOB TiepekucHoro okucneHus ywmunoB ([10JT). TTpu B3armo-
neiictBin ADK ¢ mrmamu kietok oopasyrores mpoxykrel [TOJL, ta-
Ky KaK M((HOBBI OCHOBAHWSL, TUCHOBBIC KOHBIOTATHI, THIPONEPEKH-
CH, MAJIOHOBBIH THaTbIervy (puc. 1).
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I 2
CH-0-CO0-CH;(CH:); —CH=CH(CH;)y docdonunug
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Puc. 1. Cxema pa3BuTHsI POLIECCOB 00PA30BAHHS
TPOJyKTOB TIEPEKUCHOTO OKHCIICHHS JINTTUIOB

Tpu peficTBum pa3mMHBIX (aKTOPOB (TEMIIEpaTypa, COJICHOCT,
JIOCTYTIHOCTB KHCJIOPOJIa, TIOJIOBO# LIMKJI, XUMIYECKOE 3arpsi3HCHUE
T.JI.) B OpraHu3Me H3MeHseTCs (PyHKIIMOHUPOBAHHE OMOXIMUYECKIX
PETryJSITOPHBIX CHCTEM, YTO CONPOBOMKIAETCS] MOBBIICHHOI HPOIyK-
et ADK (Lushchak, 2011). Mx ycuneHHOe 00pasoBaHHE MOKET
TIPUBECTH K Pa3BUTHIO OKHCINTEIILHOIO cTpecca U noBpeskaeHito JTHK.
OKHCITHTENBHBI CTPECC XapaKTepU3yeTCsl HAKOIUICHHEM B KIICTKE
MPOIYKTOB TepekrcHoro okucneHnst mmiaos (I10JI), mpu onHoBpe-
MEHHOM yMeHbleHHH 3(¢exTrBHocTH (yHKImoHUpoBaHus AOC.
MHTEHCHBHOCTD OKHCIUTEIBHBIX IOBPEKIEHHH MIPH 3TOM 3aBUCHUT OT
apdexrrBrOCTH AOC, KOTOpas HOAIEPKUBACT OKHCIUTEIHHO-BOC-
CTaHOBHTENBHBIN OamaHc kieTki. Takum obOpazom, ecm AOC He
cripasstercst ¢ M30bITouHoM npoaykupeit ADK, 310 Moker npuBecTH
K OKHCIIUTEIIBHBIM TTOBPEKICHISIM KIIETOUHBIX CTPYKTYP: ITEPEKUCHO-

My OKHCJICHHUIO JIMINJIOB KJIETOYHBIX MEMOpaH, HapyIICHUIO PaboThI
(hepMEHTOB, OKHCIICHHIO CTPYKTYPHBIX OesIkoB 1 roBpexxaeniio JJHK
(Halliwell & Gutteridge, 1999). ITosromy AOC urpaet BaxHYyIO poiib B
aJIaNTAlIOHHOM TOTEHIMae a’poOHbIX opranm3mMoB (Valavanidis
etal.,, 2000).

CoIeHOCTh — BaYKHBIH aOMOTHYECKHH (haKTOpP, KOTOPBIH BIUSET HA
MHOTHe (hH3HONOrHIecKkre (PYHKIMK OpraHM3Ma BOJHBIX >KMBOTHBIX.
3aconeHre PeCHOBOHBIX SKOCHCTEM HeJIaBHO NPH3HAHO CEphe3HON
yIpo30ii 310poBbi0 3THX 3KocucTeM (Beggel & Geist, 2015). Cone-
HOCTB IIPECHBIX BOZOEMOB MOXKET ITOBBIIIIATECS B PE3YJIBTATE aHTPOIIO-
TEHHOTO BO3ZICHCTBUSL: CENBCKOXO3SCTBEHHOTO OPOLICHUS, JOOBIYH
TIOJIE3HBIX MCKONAEMbIX, OTXOZOB HPOMBIIUICHHBIX IIPEIPHUSATHH,
CTOYHBIX BOJZI ¥ CMBIBOB COJIH C JIOPOT. 3UMHHE CTOKH C aBTOMArucTpa-
JIeH ¢ BBICOKOH KOHLICHTpAIIFel POTHBOOOIICICHITENBHOM COMI TIpH-
BOJIAT K 3HAYUTEIIEHOMY YBEJIMUEHHIO YPOBHEH COJICHOCTH OKPYKAlo-
mwx Box (Koryak et al., 2001; Norrstrom, 2005). KonueHTparmist xio-
puzoB B ceBepo-BocTouHOM yactu CIIIA nocturaer B ropofICKUX CTO-
kax 5 r/n (Novotny et al., 2008). M3mMeHEeHHE CONCHOCTH MOXKET MPH-
BECTH K HAPYIIICHHIO CTPYKTYPbI SKOCHCTEM, BUIIOBOTO COCTaBa, U3Me-
HEHHUIO MeTa00IM3Ma MPECHOBOAHBIX KHBOTHBIX, YTO MOXKET B KOHEU-
HOM WTOTE OTPasUThCS Ha WX aHTHOKcHAaHTHOM craryce (Choi et al.,
2008; Baysoy et al., 2012).

Yauonunp! (Unionidae) sSBISFOTCS OHOW W3 HAanOOJee YyBCTBHU-
TEJIBHBIX K aHTPOIIOTCHHBIM 3arPsi3HEHISIM IPYIII IPECHOBOAHBIX JIBY-
CTBOPYATHIX MOJUTIOCKOB, YHCIIEHHOCT KOTOPBIX CTPEMHTENBHO CO-
kpataercst B EBporie 1 Amepuike. Tam 3TH BUIIbI HIMEIOT CTaTyC B 3a-
BHUCHMOCTH OT PETHOHa, OT «BBIMEPIIMX» M «HAXOALIMXCS 10l YTPO-
30# ncue3HOBeHUs» 10 «ys13BUMBIX» (IUCN). B cBsi3u ¢ 3TuM BaXHO
TIOHATH HPHYMHBI, TPHUBOIIIME K COKPAICHHIO MX YHMCICHHOCTH
(Strayer et al., 2004; Geist, 2010).

IpecHOBOHBIE MOJUTIOCKH MIPAIOT BOXXHYIO POJIb B SKOCHUCTEM-
HBIX TIpoLieccax OJ1arofapsi X BIMSHHIIO Ha [MKIMPOBAHHE TTHTATEIb-
HBIX BEILeCTB, OGHOTYpOALHIO 1 OCKICHIE B3BEILICHHOI opranvky (Va-
ughn, 2010). K coxarnenuro, Mecta uX OOMTaHHS BCE Yallle CTPaatoT
M3-3a CTOKOB pa3inuHbIX 3arpsisuuteneit (Liu et al., 2017). V3menenwst
B cpezie OOMTaHMs IPUBOZST K OBICTPHIM H3MEHEHHSM B MeTa0OMH3Me
HPECHOBOJIHBIX MOJUTIOCKOB Ha Pa3HbIX YPOBHSX: OMOXUMHYECKOM,
KJICTOYHOM ¥ (pr3HOIOrHyeckoM. 1109ToMy pasiiyHbIe Mpe/ICTaBUTe-
T TIPECHOBOHBIX YHHOHUI, Takue Kak Anodonta spp. u Unio spp.,
TIpeVIOKEHB! B Ka4eCTBE YyBCTBUTEIBHBIX OOBEKTOB B OHMOMOHHTO-
purre, ononHauKarmy 1 6uorectuposanny (Guidi et al., 2010). He-
CIIEIOBaHMs BBISIBIUTM CIIOCOOHOCTh TpEICTaBHTENCH pona Anodonta
(Ha mpumepe A. woodiana) aKKyMyJIMpOBAaTh MHKPOAJIEMEHTBI U TIeC-
THLIMIBL, @ TAKKE MX TIOTCHLMA [yisl oOHapyxeHus: MytareHoB (Liu
etal., 2017). I3 maHHBIX IUTEpPATYphl H3BECTHO, YTO YHHUOHHUIBI pOJa
Anodonta (Ha nipumepe A. imbecilis) Taroke BRICOKOTYBCTBHTEIILHBI K
TSDKEJIHIM METaIUTaM, KaK ¥ 300IUTaHKTOH (Daphnia), n 6onee 4yBCTBU-
TeNBHBI, 4eM phIObI U BomHble Hacekomsle (Keller & Zam, 1991).
A s Unio pictorum npu CpaBHUTEIBHO BBICOKOH 4yBCTBUTEIIBHOCTH
K aHTPOIIOTCHHBIM 3arpsi3HEHISIM BBISBIICHA HEBBICOKAsI CIIOCOOHOCTH
K aKKyMYJBSIIMH TSDKEIIBIX METAUIOB, YTO CNEAYeT YYMTHIBATH HPU
BBIOOpE TECTOBOTO OOBEKTA ISl OLICHKM OMOOCTYIHOCTH 3THX 3Jie-
MEHTOB B IIPECHOBOZIHBIX SKOCHCTEMAX. B 11eI0M yHHOHMIIBI SBIISIOT-
Cs1 YyBCTBUTEIILHBIMH M YJOOHBIMI MOJCIIBHBIMK OPraHM3MaMH B JIa-
0opaTopHBIX 1 MoJeBbIX HccenoBanmsx (Doucet-Beaupre et al., 2010;
Guidi et al.,, 2010).

3HaHHE SKOTOKCHKOJIOTMYECKON 3HAUMMOCTH COJICHOCTH B XKI3HI
HPECHOBOJTHBIX JIBYCTBOPYATHIX MOJUIFOCKOB OCOOCHHO BaXKHO JUIS yC-
TAHOBJICHUS] HAyYHO OOOCHOBAHHBIX IOPOTOBBIX 3HAYCHUI JUIS Pery-
JALMN OKpYKarolel cperpl. K HacrosilieMy MOMEHTY OTpHLIaTellb-
Hele ¢dextbr BoszeiictBust NaCl mpencrapieHbl B OCHOBHOM ISt
CeBepOaMepUKAHCKHX BHIOB MPeCHOBOAHBIX MosnrockoB (Gillis, 2011;
Pandolfo et al., 2012; Blakeslee et al., 2013; Fritts et al. 2014). Hccne-
JIOBAaHO BO3/ICHCTBIE Pa3HBIX KOHIEHTpAIMi XJIOPUIOB Ha ITIOXHIAH
Anodonta anatina, a Taroxe BIHSHIC Ha CKOPOCTb TIPHKPETUICHHS TJIO-
Xuui K ux x03suny. [Tocie 24-4acoBoii KCIIO3UIMH TPU KOHIICHTpPa-
MM XJIOPUJIOB BbIlle 727 MI/T OTMEUEHO JOCTOBEPHOE YTHETCHHE
JKu3HecTiocoOHocTr Toxumii, a JIJsy 3apeructpupoBaHa mpyu KOH-
LeHTpamk XJIopuaoB 2 505 mr/m, uro coorBerctByer 4 129 wmr/n
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yuctoro NaCl. YenemHoe nprcoeIMHeHNe TIOXUIHH K X03suHy Pho-
Xinus phoxinus OTPHIATEIIFHO KOPPETUPOBATIO C YBEIMYCHUEM KOH-
LIEHTPAlMK XJIOPUIOB M CTAIO 3HAYMTEIIBHBIM NP KOHLIGHTPALMK
2909 mr/n (Beggel & Geist, 2015).

Toeemuenne xontenTparmy NaCl B Bozie IPUBOIAT K CHIDKEHUIO
OCMOTHYECKOTO TPAIHEHTa MKy OPraHM3MOM T'MAPOOMOHTA U Cpe-
JIOH1, 9TO CONPOBOXKIACTCS yXY/IIICHHEM YCIOBHI (y3HH BOIBI B
xieTkd. [Ipy nprOmbKeHnH KOHIEHTPAIH HATpys B BOJIE K TAKOBOH
reMoMM(bI IIPECHOBOIHBIE MOJUTIOCKM HAUMHAIOT TMOBBINIATH COJIe-
HOCTb BHYTPEHHEH CpeJibl, YTO CONPOBOXKIACTCS] HAPACTAHUEM Hepre-
Traeckoro oomena 1 YCC (4acToThI cepievHbIX CoKparieHuit). [1oBbI-
IIEHHE KOHLICHTPALMK HATPHS B TEMOIMM(E MOJUTIOCKOB IIPOUCXOIUT
B IIpezienax (PU3HONOTHYECKUX 0COOCHHOCTEH KOHKpETHOTo Brjia. [Ipe-
BBILICHHE 3TOTO TpezieNa MPUBONT K 3alHTHO-000POHUTEIBHON pe-
KLY MOJUTIOCKA, €T0 M30JBILHH OT OKPY>KAOIIEH CpeIbl ITyTeM IUIOT-
HOTO 3aKpBIBAaHUS CTBOPOK M TIEPEXOIy Ha aHadPOOHBIA OOMEH, 9To
comnpoBoxkaaercs cHkenneM YCC (Martemyanov, 2011).

Jlnst Anodonta cygnea nipezien TONEPAHTHOCTH K COJICHOCTH BOJIBI
cocrapysier okono 2%o (Shkorbatov & Starobogatov, 1990; Khlebo-
vich, 2013). JlauHblii BUI HPeCHOBOJHBIX MOJUIFOCKOB MMEET COJie-
HOCTb BHYTPEHHEH Cpembl OKOMO 1,7%o 1 TIO3TOMY SIBISIETCSI HCKITIO-
YeHHeM U3 MpaBriia brjuia, KOTopoe MoCTyJIMpYyeT OTCYTCTBHE B IPH-
poze opraHu3MOB ¢ BHYTPEHHEH COJNICHOCTBIO HIDKE 5%o. To oOctost-
TEJECTBO, YTO IPECHOBOMHBIE JIBYCTBOPYATHIC MOJUTIOCKH XapaKTepH-
3YIOTCSI MCKITFOUMTENBHO HU3KOW BHYTPEHHEH COJICHOCTBIO, HE MOYKET
OBITH OOBSICHEHO OOJIBILICH IPEBHOCTBIO OOUTAHMS STUX OPraHU3MOB B
TMPECHBIX Bofax 1 Tpedyer crermansHoro uccnenosanust (Khlebovich,
2013). B skcnepuMeHTax 1o U3y4eHHIo BiIusHuUA coeHocTd Ha UCC
ObIcTpoe moBbIIeHHe conepkannst NaCl B Boze 10 3 /71 conpoBOKIa-
noch nobiteHreM YCC (Taxuxapmmst) y A. cygnea, a 6oree BEICOKHE
KoHIeHTparrH (5—8 1/1) Beerma npruBoam k cHmkerrto YCC (Opa-
nukapmest) (Sharov & Kholodkevich, 2015). V3kuit apanasoH coneno-
CTH OKOJIO 5—8%o HOCUT KPUTUUECKUI XapaKTep U SIBISEICS YHUBEpP-
CaIBHBIM OapbepoM, IPH Tepexofie Yepe3 KOTOPBIH M3MEHSIETCS Psit
OMOJIOTMYECKNX CBOWCTB Ha Pa3HBIX YPOBHSIX OHMOJIOTMYECKOW HMHTe-
rpaiy. YBENMYEHHE CONEHOCTH 10 5—7%o BBI3BIBACT y A. cygnea
3aKpBITHE CTBOPOK M CYILECTBCHHOE YMCHBIICHHE IOTPeOIsieMoro
KUCIOpoza (THITOKCHS).

JKalpb! SBISIOTCS OTHAM M3 OPraHOB IPECHOBOJHBIX JIBYCTBOP-
YaThIX MOJUTIOCKOB, OTBETCTBEHHBIX 3 JICTOKCHUKAIIAIO M aKKyMYJIsi-
LIMIO 9y KePOHBIX BemecTB. [Ipr 5ToM 5kabpbl IPEKIIE BCEro KOHTAK-
THUPYIOT C BEIECTBAMH, COZICPIKALLIIMHUCS B BOZIE, ¥ JUISI HHX MOKa3aHa
Hauboree BbicOKas akTHBHOCTH (epmenToB AOC (Prevodnik et al.,
2007). 3a nocsenH1e rojibl HAKOMMIIOCh MHOT'O JIAHHBIX O BIIMSTHUM 3a-
IPSI3HUTENIEH HAa OCOOCHHOCTH OKCHZIATHBHOTO CTpecca Y HEKOTODbIX
BHUJIOB MPECHOBOJIHBIX MOJUTFOCKOB. [IpH omieHKe OHONOrHIecKux -
(eKTOB 3arpsi3HUTENEH B MONEBBIX YCIOBHSX CIIEAYET YYHTBIBATH Ha-
JIOXKEHHE a0OMOTHIECKUX (PaKTOPOB (CE30HHOCTB, TCUCHUSI, COJICHOCT).
3T0 NPUBOIUT K pa3HOHAIPABIICHHOMN PEaKIMY aHTHOKCHIAHTHON CH-
CTEMBI, YTO MOXKET BBI3BaTh CIIO’KHOCTH B MHTEPIIPETAIN Pe3yJIbTa-
ToB ToneBbIx uccnenoBanuii (Falfushynska et al., 2010). Yuactue
A0HOTHYEeCKUX (haKTOPOB B OKUCIUTEIILHOM CTpEcce y PECHOBOIHBIX
MOJUTIOCKOB MCCIICIOBAHO HEZIOCTATOYHO. B smreparype Taroxe Maio
JIAHHBIX U O BIIMSHUM M3MEHEHWH CONICHOCTH Ha MOKa3aTely aHTHOK-
CHJIAHTHOIl CHCTEMBI Y TPECHOBOJHBIX JIBYCTBOPYATHIX MOJUIFOCKOB
(Binelli et al., 2015).

Iens manHO# paboOTHI — UCCIEOBAHYC BIMSIHIS H3MEHCHNUST KOH-
LIEHTPALMH XJIOpH/Ia HATPHsI B BOJIE HA MHTEHCHBHOCTB 00Opa3oBaHMsI
MAJIOHOBOTO JIUAJIB/IETH/IA, AKTHBHOCTD (DepPMEHTOB aHTHOKCU/IAHTHOM
CHCTeMbl B ’kabpax MpPECHOBOIHOIO JIBYCTBOPYATOrO MOJUIIOCKA
A. cygnea. JlaHHBII B XOPOLLIO TIOAXOIUT TS W3y4eHHs1 OHoMapke-
OB OKHCIIUTEIBHOTO CTpecca, Oliarofiapsi €ro BbICOKOH YyBCTBHTEIIb-
HoctH (Robillard et al., 2003).

Marepuas u MeTo/Ibl HCCJIeA0BAHUI
VcenenoBaHust IpOBOIIIM HA B3POCIIBIX 0CO0SIX A. cygnea ¢ -

Ho pakoBuHbI 70100 MM. XKuBoTHBIE ObUTM COOpaHBI B OIHOM U3
3QIMBOB FOro-3aMa/IHOro 1obepexbsi Bormkcekoro mieca PoiGuHCKoOro
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BOZIOXPAHIIHIIA (OHOTO M3 BOIOXPAHIIIHII] KacKa/ia BepxHeii Born)
BOmm3u 1oc. bopok (58°03'45" c. mi 38°1423” B. 1) B ceHTIOpe
2012 . (puc. 2).

Cherepovets

Rybinsk
Reservoir

Puc. 2. Cxema PeIOHHCKOT0 BOIOXpaHIITHIIIA:
KpacHOM TOYKOI OTMEYEHO MECTO cOOpa MOJITIOCKOB

B teuenne 30 MyH ocIIe 0TII0Ba MOJUIFOCKOB JOCTAaBJIUIH B J1a00-
paTopHIO B IUTACTHKOBBIX M30TEPMIYECKHX KOHTEHHepax O0BEeMOM
10 1. TTocrne BBUIOBA M TPAHCHIOPTHPOBKH B JIA00PATOPHIO MOJLTIOCKOB
B TEUEHHE JIBYX HEJIENb U UX alalTalliH COICPXKATH B CTATHUECKHX
yCIOBUSIX B akBapuyme co 150 1 peuHol BOJIbI U [eCUaHbIM TPYHTOM,
COOpaHHBIM B MeCTe MX OOMTaHUs, ¢ 3aMeHOM 50 J1 BOABI KaXKable
2 CyTOK, KOTOpasi T0/[aBaach MOCTENEHHO Yepe3 PE3HHOBBIH IIUIAHT.
Bo Bpems1 4acTH4HO! CMEHBI BOJBI MOJUIFOCKOB HE M3BJICKAIN U3 aKBa-
puyMa, 9TOOBI HE BBI3BATH 3aKphITHE CTBOPOK. CIIMBAIM BOIy 4epe3
OTBEPCTHE, 3aKPBIBAIOIIEECS] PE3NHOBOM INPOOKOH, B yINly Ha IHE
aKkBapryMa. YCIOBUS COZICpKaHNS CIICAYIOIIHE: COZIepXKaHue PacTBO-
PEHHOTO KUCIIOpO/ia Ha YPOBHE HACBIICHNS 32 CYET IIPUHYIUTEIEHO
asparuu Bojbl, Temreparypa Boasl — 21 °C, pH — 7. MommockoB kop-
MWIM JIBa Pa3a B HEIEMIO XJIOPEUIOW U3 J1abOpaTOpHON KyJIBTYpBI C
JI00aBNeHNEM KOPMOBBIX JAPOXOKEH, B COOTHOLICHNN S0 T CyXUX ApOXK-
kel 1 50 MIT XJI0peUTbl Ha OJTHO KOpMIICHHE. XJIOpeIiTy KOHLICHTPHUPO-
BAJIH IICHTPU(YTUPOBAHUEM 1 IIPOMBIBAIN JUCTHIITAPOBAHHOH BOJOH.

B skeneprvente ucnions3oBaHo 36 ocobeil. Bo Bpemst ombita B
€MKOCTH ¢ MoJuTiockamu BHocu pactBop NaCl (x. w.) 3 1/i1 Ha ped-
Ho¥t Bozie. PacTBop BHOCHIIN Yepe3 pe3HHOBYIO TPYOKyY, paBHOMEPHO 1
OCTOPO’KHO pacpezielisist o BceMy 00beMy Bozibl B akBapuyMe. IToce
TIOBBIILIEHHST KOHIIEHTPALMK COMIM B BOZAE M CMEHBI BOJBI CTBOPKH Y
MOJUTIOCKOB OCTAaBAIUCh OTKPBITHIMU. OTOupamu mpoObl 1Mo cxeme,
TIPE/ICTABJICHHOI B TaOJMIIE, UCTIONB3Ys BRIOOPKH MO 6 MOJITIOCKOB.
s yrudukamm ycinoBurii 0T0opa mpod ¥ MUHIMA3AINN HU3MEHEHHI
OMOXHMITIECKHIX TTapaMeTPOB KKIYIO IPYIITy MOJUTIOCKOB OTOHMpA
OTHOBPEMEHHO M Cpa3y MOMEIIAIN B SKHIKUI a30T (TeMreparypa — —
196 °C) Ha 10 muH. [I1s1 IOCIEAYIOIIETO aHAN3a KCTIONB30BATH JKa0-
pot. [penapuposarmu npu 4 °C. OOpasiipl TKaHel jka0p yIaKOBbIBAIN B
TUTACTHKOBBIE MPOOUPKU M XPAHIIH B YKHIKOM a30Te JI0 MPOBEICHHS
OMOXMMIYECKOTO aHATH3A.

HccnenoBans! GHOMapKepbl OKHCIUTEIFHOTO CTpecca, TaKie Kak
aHTHOKCHIAHTHBIE (hepmeHThE: Katanaza (CAT) — mepokeuy : mepoKcH
oxcunopenykraza (EC 1.11.1.6), kotopas yd4acTBYeT B YTHIM3ALIHI
H,0,; myratnonpenykraza (GR) — HAI(®)H: oxucieHHbI Tty TaTH-
on okcunopenykrasa (EC 1.8.1.7), koTopblil BOCCTAaHABIIMBACT OKVC-
JICHHBIN TIIyTaTHOH; DiyTatroH-S-TpaHcdepaza (GST) (EC 2.5.1.18),
KOTOpasi IPUHUMAET y4acThe B HEHTpaIM3aLii OpraHUYeCKUX THAPO-
nepekuceid 1 smisiercst depmertom 11 dasbr Orotpanchopmarmn
kceHobrotrkoB (Halliwell & Gutteridge, 1999), a Tarke ypoBeHb HI3-
KOMOJIEKYJISIPHOTO aHTHOKCHIAHTA — BOCCTAHOBJIEHHOTO TITyTAaTHOHA
(GSH), u mapkep niepekucaoro oxucienus mmuaos (I10JI) — mano-
HoBbIH Jmansaerun (MDA) (Faria et al., 2009).

J171s1 OMOXMMUYECKOTO aHAIIM3a HABECKY TKaHH, K KOTOPO 100aB-
i 0,1 M docarnsrii Gydep, pH 7,5, B 00beMHOM COOTHOLICHUH
1 : 4, ucnone3yst ucneprarop ouonormdeckux Tkanei IKA T10 Ultra
Turax (Laboratory Equipment, Germany). st moiydeHust cyrepHa-
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TaHTa TOMOreHar reHTpudyruposam mpu 15000 g u t = 4 °C B
teyenue 30 mun (Micro 22 R, I'epmanus).

Bce u3mMepeHus KOHLEHTPALMU ¥ aKTUBHOCTH (DEPMEHTOB TPOBO-
JWUTH Ha aHAIMTHYeCKOM criektpodoromerpe Lambda 25 (Perkin Elmer,
USA). B nensHOM ToMoreHate onpenensum copepxkanne MDA — o
peakiu ¢ 2-THo0apOuTypoBOit KrcoToi mpr A = 532 aM 1 GSH no
peakimu ¢ 5,5’-marro(0rc)-2-HATpoOeH30iHON KucioToi (5,5-dithio-
bis-2-nitrobenzoic acid) mpu A =412 am. B cynepraranTe onepenens-
i aktiBHOCTH (pepmerToB: CAT — 1o yObUTH MEPeKHUCH BOIOPOZA
nipu 25 °C n mse Bossl A =410 aM, GR — o yosum NADPH npu
25 °C u A =349 um, GST — no peakiuu ¢ 1-x510p-2,4-IMHATPOOECH30-
1ioM (1-chloro-2,4-dinitrobenzene) mpu 27 °C u A = 349 um (Klimova
etal, 2017). Konuenrpammo Oeika B mpodax M3MEPSUTH METOIOM
Bpandopa ¢ ObIMbUM CHIBOPOTOUHBIM ATHOYMHHOM B Ka4eCTBE CTaH-
napra. Temmeparypa MHKyOAIMOHHOH Cpembl TPH OIpENeCHNN aK-
THBHOCTH (hepMeHTOB ToziepkuBanack Ha yposre 25,0 £ 0,5 °C
(Morozov et al., 2012).

Pesynbrarel mpencraBieHbl B BUIE CPEIHENO M CTaHIAPTHON
oumoku (x = SE, n = 6). JlocTOBEpHOCTb pa3iiiuii MeXIy BHIOOpKa-
MU OLICHUBAIM METOZIOM OZHO(AKTOPHOrO AUCIIEPCHOHHOIO aHaIM3a
(ANOVA), ucnomszoBamn U-kputeprii ManHa—YUTHH. Pazmiaus
cuntam goctoBepHbMU Tpu P = 0,05. O0BbeM BBIOOPOYHBIX COBOKYTI-
HOCTeH cocTaBmiI 6 0co0el Ha KaXKIyI0 SKCIICPIMEHTAIBHYIO TPYTITY.
B Tabmurte 1 nox 3HaYeHMsIMI GHOMAapKEPOB NPHUBE/ICHBI JAHHBIE IPO-
LIEHTHOTO M3MEHEHMsI TT0Ka3aTeNiel OT KOHTPOJIBHOTO YPOBHSL.

Pe3yabTarsl

CpaBHEeHHE JBYX OTBITHBIX IPYIII KUBOTHBIX, KOTOPBIE HAXOH-
JIACH B YCJIOBHSIX BO3MICHCTBHS COMIM B KOHIICHTPAIMH 3 T/11 TIPU SKCIIO-
sumpn 40 1 120 MUH, He BBISIBIUIH JOCTOBEPHBIX OTIIMYMIA OHOMapKe-
POB OT KOHTPOJIbHBIX 3Ha4eHUIL. [Ipu 3T0M MOXKHO OTMETUTH CIIETYHO-
1Y€ TeHICHIMY B M3MEHEHNH OMoMapKepoB: KoHueHTpaimn MDA u
GSH, a Taoke axrrBHOCTH GR Bo3pacratot, a akruBHOCTs GST 1 CAT
yMeHbluaercs (Taon. 1).

Ta0mua 1

3HaueHwsI TapaMeTPOB MEPEKHCHOr0 OKUCIEeHHs TUUIOB (%o)

¥ aHTHOKCHIAHTHOH CHCTEMBI B sKabpax Anodonta cygnea

TIpH AEHCTBHH COJICBOTO CTpecca B IKcrepumMenTe (X = SE, n=6)

Oke-  Bogopacr-

. MDA GSH GR GST CAT
T03U-  BOPHMBIi
was, - Gerox, TIKMOJIB/MKT Gejka HMOJIB/MKT OeJIKa
MHH  MKD/Mr
Jlo Brecennst NaCl
0 3348+393 13402 39405 18%£06 34+06 404133
100,0
Tlocre nobGarmenmst NaCl
40 34744532 1,702 51+£09 30+04 3,107 368%4,1
103,8 1308 130,7 166,7 912 91,1
120 405,7+472 15+02 48+06 32+06 3,1+£05 344+39
1212 1154 1231 1788 912 85,1
Tlocrie cmenb! pactBopa NaCl Ha OTCTOSIHHYFO PEUHYFO BOIY
20 3526+314 20£09* 52406 28%05 1,6+02* 388+3,1
1053 1538 1323 155,5 47,1 96,0
60 4359+266 16+0,1 50+03 33107 25+03 286+18*
1302 1231 1282 1833 73,5 708
120 382,1£246 1,6+02 6,1+07% 43+£10* 22+04 329432
114,1 1231 1564 2389 64,7 814

prweuanue: * — 0b03HavaeT JOCTOBEPHOE OTIIUIHUE OT q)OHOBOl"O BapuaH-
Ta, T.€. 10 BHECCHUS XJIOpUJIa HATPUsI.

Tlocrne cMeHBI BOZIBI € COICHOM Ha PEYHY!O MU KCTo3umsix 20,
60 1 120 MUH 3aperUCTPHPOBAHO JOCTOBEPHOE W3MEHEHHE YPOBHS
OuoxmuMHIeckux rnokasareneil. Tak yepe3 20 MUH MOc/ie CMEHBI BOJIBI
OTMeYaeTcsl JOCTOBEPHOE YBeNueHHe KoHIeHTpam MDA B 1,5 paza
1 ymeHblnerre aktiBHOCTH GST B 2 pasa 1Mo CpaBHEHHIO C KOH-
TPOJILHBIM ypoBHEM. Uepe3 60 MUH 3aperucTpypoBaHO JOCTOBEPHOE
yMenblenre akTuBHOcTH CAT 1pu OTCyTCTBHHM JOCTOBEPHBIX M3MeE-
HeHuit npyrux nokasareneid. Uepes 120 MuH 0TMEUEHO 10CTOBEPHOE

yBenuenne KoHuenrparmy GSH B 1,5 pasa u aktuBHoctn GR Gonee
YeM B J[Ba pa3a 0 CPABHEHUIO C KOHTPOJBHBIMU 3HAYEHUSMH, B TO
BpeMsl KaK 3HAYEHHs OCTAIBHBIX IOKa3aTesell JOCTOBEPHO HE OTIIM-
YaIOTCS OT KOHTPOJIbHBIX.

OdcyxaeHue

INpy koHUEHTparWK comM 3 I/7 B BOZE MOBBIIACTCS COICHOCTh
BHYTpEHHEH cpejibl MOJUTIocKa A. cygnea (TTyTeM yBeJTMUeHHs! KOHLICH-
TpalMK HATPHs B TeMOMMM(QE), YTO COMPOBOXKIACTCS MOBBIIICHHEM
sHeprerryeckoro oomena u YCC. Ilpu Takoil KOHLIEHTpaiy Comy B
BOJIE y MOJUTIOCKA €1Ile He HACTYTIAeT TaKHX MOCIECTBUM, KaK 3aKpbl-
THE CTBOPOK M THIIOKCHSI, KOTOPBIE OTMEYAIOTCS TPH KOHIICHTPALH
comu 5-8 r/m (Guidi et al., 2010; Binelli et al., 2015). B Hactosmem
SKCIIEPUMEHTE BBIIBIICHO, 4T0 BozzeicTBre NaCl B KOHIGHTparmm
31/ny A cygnea Ha OHOXMMHYECKOM YPOBHE NPHUBOJWT K TOBBIIITE-
HMIO KoHneHTparmu MDA, kiroueBoro npoaykra [1OJI. YV nByctBop-
YaThIX MOJUTIOCKOB OIpe/esieHHe KoHLeHTpay MDA ucrnosb3yercs
KaK 4yBCTBUTENBHBIH MOKA3aTeNh KAYeCTBA BOJbI B THIPOIKOCHCTEMAX
(Fernandez et al., 2010). V Scylla serrata niput BHICOKOH COJNEHOCTH
35 %o 1 17%o0 OTMEYAIOTCS 3HAUMTENBHO OoJiee BHICOKHE YPOBHH Iie-
PEKICHOTO OKFHICIICHUS JIMIHJIOB 10 CPAaBHEHHIO ¢ OoIiee HI3KOH colte-
HOcTBI0 10%o. Ipy 3TOM aKTHBHOCTH aHTHOKCHIAHTHBIX (hepMEHTOB
GR, SOD, CAT, GPx, Hao0oporT, B 11e110M Gojiee BBICOKast TIPU CoJie-
HocTd 10%0, uem npu 17%o0 1 35%o. 310 NOKA3BIBAET, YTO BBICOKAS CO-
JIeHOCTh 35%0 WMHAYIMpyeT OoJiee 3HAYMTENBHBIN OKHCITUTEIIBHBIN
crpecc, ueM Goree Hiskue coreHoctd (Paital & Chainy, 2010). [ToBbI-
IIEHHE COJICHOCTH BOZIbI CIIOCOOHO IOBJIMATH HA OMOIOCTYIIHOCTH 1
YBEJIMYEHHE TOKCHIHOCTH TSDKENBIX METAILIOB, KOTOPBIE MOTYT KOHKY-
PpUpOBaTh C HOHAMHI METAUIOB MPH 00pa30BaHMH OHOMOJIEKYIL. Tax, B
OJTHOM M3 MCCIIEIOBAHNH 3apETUCTPHPOBAHO OTPULIATEIHHOE BIIHSHIES
Ha TeMIIbI pocTa HMOMYJIIMHK B. rotundiformis cOBMECTHOTO IEHCTBUS
M3MEHEHMS] TeMIIepaTypbl, MOBBIICHNS COJICHOCTH U KaK pe3yJIbTar —
YBEJIMUEHMSI CTeNEeHN TOKCHYHOCTH HoHOB Mew (Gama-Flores et al.,
2005). B uccnenosanuu Ha Penaeus monodon noKa3aHo, 4To COBMECT-
HOE JIeliCTBHE TIECTHULIMIA ISTTETAMETPUHA, COJICHOCTH 1 TEMIIEPaTyPhl
CIIOCOOHO MHIYIIMPOBATh OOJiee BBIPKEHHBIH OKUCITHTENBHBINA CTPECC.
370 HccIe0BaHUE TIOKA3aJI0, YTO TIPH aHATIN3E OMOMApPKEPOB OKUCIIH-
TEJBHOTO CTpecca CIeAyeT YIUTBIBATh B3ANMOACHCTBHE MEXTy aOro-
THYECKUMH (DaKTOpaMH M TAKUMH MOJUTFOTaHTaMK Kak nectrys! (Tu
et al, 2012). B npyrom nccrnenoBaHiy yCTaHOBIIEHO, UTO y IBYCTBOP-
yaroro Mommocka Unio tumidus v3MeHeHWe KoHueHTparmn MDA
HalpsIMy!0 KOppeupyeT ¢ KOHLEHTpaiwel 8-okco-7,8-aurunpo-2'-
JieoKcuryaHo3uHa, npomykra okucnetust JJHK (Charissou et al., 2004).
Takim 00pasom, noBbitieHre ypoBHI MDA MOXET COMpPOBOXKIATHCS
OKUCIIUTENBHBIM NoBpexaeHueM JTHK.

V3MeHeHre KOHIIEHTPAINH XJIOPHIA HATPHS B HACTOSIIIEM SKCIIe-
pHUMEHTe MPUBEJIO K JIOCTOBEPHOMY yMeHbIleHHI0 akTuBHOCTH CAT B
xabpax. [Tormmkenne axtuBHocTH CAT MOKeT OBITH CBSI3AHO C TIOSIB-
JICHHEM CYTIEPOKCHIHBIX Pa/IMKATIOB, KOTOPBIE, KaK N3BECTHO, HHTHOH-
PyIOT akTHBHOCTH Katanasbl (Koprucu et al., 2008). AHanorudsoe n3-
MmeHenue aktuBHOCTH CAT omicano y Acipenser naccarii, BbIpalieH-
HOTO B IPECHOM BOJIE, & 3aTeM TTOMEILEHHOTO B MOPCKYO BOzty (35%o)
(Martinez-Alvarez et al., 2002). B yc/OBHSX SKCTIGPMMEHTA TIECTHIW
JIeNTETAMETPHUH BBI3bIBANI 3HAUHUTEIILHOE CHIDKeHHE akTuBHOCTH CAT y
TIPECHOBOZTHOTO Moutocka Unio elongatulus eucirrus (Koprucu et al.,
2008). B mpyrom nccnenoBaHun 0OGHApyKEHO, UTO TIPH U3YUEHHUH BIIH-
SHYST BEIOPOCOB MECTHLIMIOB B OKPYIKAOLILYIO Cpefly cpeu (epMeH-
10B AOC y A. cygnea akTUBHOCTb KaTalazbl HE KOPPEIMPOBAIA CO
CTEMNEHBIO 3arPA3HEHHS TIECTULIMIAMH, A OTpaKalla eCTECTBEHHbIC Ba-
pUalMU B TOJOBOM (DM3HOJIOTMYECKOM LIMKJIC BHA M ObUIa CHIBHO
TIOJBEpKEHA BIMSHUFO adroTideckux (haxropos (Robillard et al., 2003).
CAT, Tak e kak 1 MDA, — MapKep OKCHIATUBHBIX IOPKEHHUM, TIPH-
YMHAMH KOTOPBIX MOTYT OBITH U TTOJUTIOTAHTSI, U I3MEHEHHSI COJICHOC-
o (Fernandez et al., 2010).

Hamu 3aperucrpupoBano normwkenne aktuHocti GST B sxabpax
A. cygnea, 4T0 yKa3bIBaeT Ha BOCIIPHMMYHMBOCTD JJAHHOTO OMOMapKepa
K W3MEHEHHSIM COJICHOCTH. | yTaTnoH-S-TpaHcdepaza spisiercs dep-
MEHTOM, KaTaIM3UPYIOLIIM aHTHOKCHIAHTHBIN MeTab0M3M THOJIOBBIX
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COCIMHEHHI, UTO, B CBOIO O4EPE/ib, 3ALMIIACT KIETKY OT AJIeKTpodu-
JIOB, TOBPEXKICHWUS CBOOOIHBIMU PAMKAIAMH ¥ OKHCIHTEILHOIO
crpecca. 3HauMTeIbHOE yMeHbIIeHHe akTiBHOCTH GST moxer mpu-
BECTH K (POPMUPOBAHUIO PeakTUBHBIX (opM kucnopona (ROS), obpa-
30BaHMIO BBICOKOTOKCHYHBIX THMIPOKCWIBHBIX PAJUKAIOB M LEJIOMY
KackaJly PeaKlyii, MOBPSKIAIONMX KICTOYHYI0O MeMOpaHy, TO eCTh
rioBbIeHHrO KoHneHTparmu [T0JT (Limdn-Pacheco & Gonsebatt, 2009).
VY A. cygnea ranHbIiA GroMapKep TyBCTBUTENIEH K AHTPOIIOTCHHBIM 3a-
Ips3HEHNSM | BbIOpocam KeenobuotnkoB (Falfuchynska et al., 2010;
Falfuchynska et al., 2012). B uccnenoBanny BIvsHESL M3MEHEHUH CO-
neHocty Ha Paralichthys olivaceus 3apericTpupoBaHO H3MEHEHHE SKC-
npeccut MRNA ryTaTHOH-S-TpaHcdepasbl U TIIyTaTHOHOBOH IEpo-
KCHJIa3bl, YTO MPHBEJIO K BBIBOZY O TOM, YTO JIAHHBIE (DePMEHTBI UTpa-
0T BaKHYIO potb B JieTokcukaimy ADK 1 MoryT ObITh HHAMKATOpa-
MM OKHCJIUTEIIEHOTO CTpecca, NHIyIIMPOBAHHOTO W3MEHEHISIMU COJIe-
HoctH (Choi et al., 2008).

Boccranosnennslit miytatioHn cessbBaeT Metaubl, CO3 (cToil-
K{€ OpraHMyecKue 3arps3HuTesv) u ynaemieaer ROS, mosromy co-
CTaBJISET TIEPBYIO JIMHUIO 3ALLUTHI OT MX TOKCHYECKOTO BO3/ICHCTBUSL.
Kax BumHO 13 Tabmuwp! 1, yBemdenue koHenTpaimu GSH cootset-
cTByer moBblneHno aktuBHocTH GR. M3BectHo, uto GR omocpeno-
BaHHO ydacTtByeT B mHakTuBami ROS. GR BoccTanaBnmmBaer okwmc-
nennbi miytatioH (GSSG) B NADPH-3aBicuMolt peaxtym, oaznep-
JKUBAsI BKHBIN T KIICTOYHOIO TOMEOCTa3a H paboThl ApyTHX dep-
mentoB Oamanc GSSG/GSH, u mosToMy Wrpaet BaKHYIO pOib B
CHCTEME aHTHOKCHIAHTHOM 3anmthl KieTkd (Fernandez et al., 2010).
JlocToBepHOE yBenMUeHNe 3HAUEHNH JaHHBIX NOKA3aTeel yKa3bIBacT
Ha 10, yt0 GSH MOXeT sBisThes BaxkHBIM 3BeHOM AOC B 3amure ot
NaCl-uHmy1mMpoBaHHOTO CTpecca.

Tennentmst noseieHns yposrst GSH obnapyskena y M. gallopro-
vincialis Ha 3arps3HEHHBIX CTAHIIISIX B €CTECTBEHHOU Cpe/ie, B Pe3yiib-
Tare HakomieHus B Mommockax Cr, Fe m Mn (Regoli et al., 2004).
B npyrux paborax Ha moymockax M. galloprovincialis v peibax Abra-
mis brama wu Dicentrarchus labrax OTMEYEHO YMCHBIIICHIE KOHIICH-
tpatmu GSH B pe3ysnbrare BiusHUA TsDKebIX MeTawioB 1 CO3 B no-
JIeBBIX U JlabopaTtopubIx yenowsix (Canesi et al., 1999; Morozov et al.,
2012). B HEeKOTOPBIX HCCIENOBAHHSAX COOOIIATIOCh O KPATKOBPEMEH-
HOM TOBBIIIIeHNN KoHIIeHTparmu GSH 1 mocnemyronieM yMEeHBIICHIN
Y pa3HbIX BUJIOB PacTEHHI U JKMBOTHBIX. B pesynbrare aHammsa jaH-
HBIX JIATEPATYphl M PE3yJBTaTOB HACTOSIIETO HICCIICIOBAHMS MOYKHO
TIPEIIONIOKUTh, 4TO M3MeHeHue KoHtenTpauuy GSH 3aBucur ot Tuna
3arpA3HUTENIS U POJIOJDKUTEIBHOCTH SKCIO3HUIMY. B Haimix jrabopa-
TOPHBIX JKCIEPHMEHTAX KPATKOCPOUHOE M3MEHEHHE KOHIICHTPALMH
XJIOpUIA HaTpus B BOZE MPUBOAWIO K yBenuueHuto ypoBHI GSH u
noBbILIeHHIO akTHBHOCTU GR y A. cygnea, 9to MOXeET SBISTHCS ajar-
TUBHOM peakimell. Tak Kak SHIOT€HHbIM CHHTE3 IIIyTaTHOHa OCy-
IecTBisieTcs (hepMEHTaMH C-IVTyTaAMMH-LIMCTEHHCHHTETa3a M IVIyTa-
THOHCHHTeTa30l, a GR BOCCTaHABIIMBAET €ro OKUCICHHYIO (opMy,
MOXHO TIPEJIIONIOKHTH, YTO HA MOMEHT SKCIIEpAMEHTA JIaHHBIE (hep-
MEHTBI 33 CYET COBMECTHOIO (DYHKIMOHMPOBAHHS O0SCIICUHBAIN J10-
CTaTOYHOE BO30OHOBJIEHHE BOCCTAHOBIIEHHOro riryrarvoHa (GSH) B
TKAHSX MOJUIFOCKOB, DM TOBBILICHHBIX KOHLICHTPALWSX XJIOpUA Ha-
Tpust B okpykatorueii cpene (Klimova et al., 2017).

BbiBoabl

HccnenoBaHo BIMsIHIE KPATKOCPOYHOTO M3MEHEHVS KOHIIEHTpa-
MM XJiopuia Hatpusi B Bozie (koHreHTparws NaCl — 3 /i) Ha Ouoxu-
MMYECKHE MapKepbl OKHCIIMTEIBHOIO CTpecca NMPECHOBOIHOTO MOJI-
mocka A. cygnea. VI3MeHeH#e KOHIICHTPALMH XJIOPUA HATPHSL 110 3 T/
HE BIMSET Ha KOHIICHTPALIMIO BOIOPACTBOpUMOro Oernka. M3meneHune
KOHIICHTPALK XJIOPH/IA HATPHS MOBBIIACT KOHIICHTPALMIO TPOIyK-
TOB TEPEKUCHOTO OKHUCJICHHSI JIMITUIOB B kabpax A. cygnea, 910 yKa-
3bIBaCT HA BEPOSITHOS yYacTHE OKHCIIMTEIBHOTO CIpecca B MEXaHH3-
Max TOKCHYHOCTH XJIOPH/ia HaTpUsl y TPECHOBOIHBIX JIBYCTBOPYATHIX
MOJUTFOCKOB. [I3MeHeHne aKTHBHOCTH (DepMEHTOB aHTHOKCHIAHTHOW
cucTeMbl U yBenmuueHue koHieHTpam GSH B jxaOpax A. cygnea,
yKa3bIBaeT HAa WX Y4acTHE B 3aIUTE MPECHOBOJHOTO MOJUTIOCKA OT
NaCl-uHIyIMpOBaHHOTO OKUCIHTENBHOrO cTpecca. Kpartkocpounoe

M3MEHEHHe KOHIICHTPALMK XJIOPHUZIA HATPHS B BOJIC BBI3BAJIO YCHIICHHE
nporieccoB [TOJ1 y A. ¢ygnea. Ito npeanonaraet HecriocodHocts AOC
yCTpansiTh M30bITOK ROS, 4TO NPUBOAMT K OKHMCIICHUIO JIMIKIOB.
Honpu 310M cTreneHb OKCHAATHBHBIX NOBPEXKICHHUM HE HACTOIBKO
BBICOKA, YTOOBI HHAKTUBHPOBATH (DePMEHTHI aHTHOKCHIAHTHOM CHUCTE-
MBI B pesyibrate m3MeHWI0Ch (DYHKIMOHMPOBAHUE TITyTATHOHOBOH
CHCTEMBI, YTO MOXET SIBJIITHCS KOMIICHCATOPHBIM MEXaHM3MOM Ha
M3MEHEHNE KOHIICHTPAIMH XJIOPU/A HaTpysl B Bozie. TakiM oOpasoMm,
GroMapKepbl OKHMCIIMTEIIBHOIO CTPecca HPECHOBOIHBIX JBYCTBOpYA-
TBIX MOJUTIOCKOB A. Cygnea SBISIIOTCS 1yBCTBUTEIBHBIMU TIOKA3ATEISIMH
m3MeHeHns1 koHueHTpar NaCl B Bozie.

Ms! npusHatessHbl B. b. Bepoukomy, C. Beikosoi, I'. M. Uyiiko, A. H. I1la-
poBy u C. B. XononkeBuy. VIcToyHHK OOJPKETHOTO (PMHAHCHUPOBAHUS —
AAAA-A18-118012690101-2.
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Introduction

Galkin, O. Y., Gorshunov, Y. V., Besarab, O. B., & Shchurska, K. O. (2018). Biotechnology for obtaining hybrid
positive control samples for immunoassay for detecting antibodies against Chlamydia trachomatis. Regulatory
Mechanisms in Biosystems, 9(2), 141-147. doi:10.15421/021821

The enzyme-linked immunosorbent assay (ELISA) is the most informative and versatile method of serological
diagnostics. The possibility of detection by ELISA of specific antibodies of different classes allow one to differentiate
primary infectious processes and their remission, exacerbation and chronic disease (holding of differential diagnosis).
This approach is implemented in the methodology for evaluation of patients for the presence of humoral immune
response against TORCH-infections pathogens (toxoplasmosis, rubella, cytomegalovirus, herpes simplex viruses
infections, and some others). Therefore, testing for the presence of specific IgG and IgM antibodies against TORCH-
infection pathogens in blood serum is an important element of mother and child protection. The essential problem in the
production of IgM-capture ELISA diagnostic kits is obtaining positive control. The classic version of positive control is
human blood serum (plasma) containing specific antibodies. But specific IgM-positive sera are insignificant raw
material. This fact can significantly limit the production of diagnostic kits, especially in case of large-scale manufacture.
We have suggested a methodological approach to the use of synthetic positive controls in IgM-capture ELISA kits
based on conjugate of normal human IgM and monoclonal antibodies against horseradish peroxidase. It was found that
it is possible to realize such a task by means of NHS ester-maleimide-mediated conjugation (by sulfosuccinimidyl-4-(N-
maleimidomethyl)cyclohexane-1-carboxylate), reductive amination-mediated conjugation (by sodium periodate) and
glutaraldehyde-mediated conjugation. It was found that conjugates of normal human IgM and monoclonal antibodies
against horseradish peroxidase obtained using NHS ester-mediated maleimide conjugation and periodate method are
homogeneous in molecular weight, whereas conjugate synthesized by glutaraldehyde method comprises at least three
types of biopolymers with close molecular weight. It was found that synthetic positive control obtained by different
methods are characterized by higher titre compared to IgM-positive high-titre serum. However, positive control
obtained by NHS ester-mediated maleimide conjugation has the best titration profile characteristics. We have suggested
a methodological approach to the use of synthetic positive controls in indirect ELISA kits based on conjugate of normal
human IgM (IgA) and monoclonal antibodies against major outer membrane protein of Ch. trachomatis. It was found
that it is possible to realize such task by means of NHS ester-maleimide-mediated conjugation (by sulfosuccinimidyl-4-
(N-maleimidomethyl)cyclohexane-1-carboxylate) and reductive amination-mediated conjugation (by sodium periodate).
It was found that synthetic positive control obtained by different methods are characterized by higher titre compared to
IgM- and IgA-positive high-titre serum. However, positive control obtained by NHS ester-mediated maleimide
conjugation has the best titration profile characteristics, both at the release time and after a week’s storage at 37 °C.
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(that is, to conduct a differential diagnosis). Such an approach is realized in
the methodology of patient survey for the presence of a humoral immune

Laboratory diagnosis is an integral part of the clinical examination of
a patient, since without a laboratory examination it is neither possible to
establish a clinical diagnosis nor to monitor the effectiveness and safety of
therapeutic measures. Among the whole complex of methods of clinical
laboratory diagnostics, there are serological methods, which are based on
the identification of serological markers (antigens, allergens, antibodies) of
infectious (viral, bacterial, fungal, and parasitic) and non-infectious (inclu-
ding autoimmune, allergic, endocrine and oncological) diseases. The most
informative, universal and, as a consequence, widespread serology test is
the enzyme-linked immunosorbent assay (ELISA) (Nikolaenko et al., 2005;
Galkin et al., 2017). The possibility of detecting by means of ELISA spe-
cific antibodies of different classes can differentiate the primary infectious
process and its remission, exacerbation or chronicization of the disease

Regul. Mech. Biosyst., 9(2)

response to TORCH-infectious agents (toxoplasmosis, rubella, cytome-
galy, herpes simplex virus infections and others) that can infect the fetus
and cause developmental defects (Numan et al., 2015; Lu et al., 2016;
De Carolis et al., 2017). That is why testing for the presence of specific
antibodies against TORCH-infectious agents is an important element in
the mother and child protection system.

According to available literature data (Holmes et al., 2005; Vaz-
quez et al., 2007; Hunsperger et al., 2009), many of ELISA kits for the
detection of specific IgM antibodies against certain pathogens in human
serum (plasma) infectious diseases are constructed according to the
principle of IgM-capture assay. This modification of ELISA allows for
the first stage to fix the total pool of IgM antibodies on the solid phase
(the concentration of which in serum is much less than the content of
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IgG), and the second — the detection of specific IgM. In other cases
(Reesink-Peters et al., 2001; Kamel, 2013; Galkin et al., 2018), there are
immuno-enzyme Kkits, in particular for the detection of specific IgM and
IgA antibodies to Chlamydia trachomatis in human serum (plasma),
based on the principle of indirect ELISA.

Obtaining positive controls (PCs) is a significant problem in the
production of diagnostic kits intended for the detection of IgA and IgM
specific antibodies against different pathogens (including Ch. trachomatis
infection). The classic version of PC is the serum (plasma) of human
blood containing specific antibodies of a certain class. However, the
frequency of detection of IgA- and IgM-positive sera is negligible. The
relevant biological material as a raw material for obtaining PC is extre-
mely scarce. This circumstance can significantly limit the production of
diagnostic kits, especially in the context of large-scale production.

In order to increase the efficiency of ELISA test kits production, we
proposed a methodological approach that addresses the use of synthetic
PCs: for the ELISA test kits based on the principle of IgM-capture assay —
the use of a conjugate of normal immunoglobulins of the IgM class and
monoclonal antibodies (McAbs) to the enzyme horseradish peroxidase
(HRP); and for the ELISA test kit for the diagnosis of urogenital
chlamydia, based on the principle of indirect ELISA, — the use of a
conjugate of IgM (IgA) normal immunoglobulins and McAbs to
Ch. trachomatis major external membrane protein (MOMP).

The aim of the work was to develop the biotechnological approach
for hybrid (synthetic) positive control samples for the ELISA test kits
based on IgM-capture modification, as well as on the indirect variant for
the detection of IgA and IgM antibodies to Ch. trachomatis.

Materials and methods

NHS ether-maleimide-mediated conjugation. Synthesis of the con-
jugate was performed using the basic method (Hermanson, 2008) with
our own modifications. In the first step, activation of the normal human
IgM was carried out by NHS ester-maleimide cross-linker — sulfo-suc-
cinimidyl-4-(N-maleimidomethyl)cyclohexane-1-carboxylate  (sulfo-
SMCC). 2-3 ml of a solution of IgM (400-420 mg/ml) was used in 0.1 M
phosphate saline buffer with 0.15 M NaCl, pH 7.2 (PBS). To the solu-
tion of immunoglobulins, 6 mg of sulfo-SMCC was added, stirred until
complete dissolution, and held for 30 min at room temperature.
The unreacted sulfo-SMCC compartment was conducted on a column
of 2.5 x 100 cm with sephacryl S-300 using PBS. Active immunoglo-
bulins were eluted from the column, diluted to a concentration of
20 mg/ml, and immediately used for synthesis of the conjugate.

The conjugation of activated IgM and McAbs with reduced sulf-
hydryl groups was carried out as follows. A solution of McAbs against
HRP with a concentration of 5 mg/ml was used in PBS with 10 mmol/L
EDTA. 18 ml of mercaptoethylamine (MEA) was added to 3 ml of
McAbs solution, incubated for 90 min at a temperature of 37 °C.
A 1.5 x40 cm chromatography column with Sephadex G-25 (Pharma-
cia Biotech) using PBS with 10 mmol/l EDTA was used for separation
of non-reactive MEA. The elution of the reduced antibodies was
performed at a rate of 2 ml/min. Fractions were collected in a volume of
0.5 ml and the optical density (OD) was measured at 280 nm. The col-
lected fractions of reduced McAbs were immediately mixed with
activated human IgM in a molar ratio of IgM : McAbs equal to 1 : 4.
The reaction mixture was maintained at room temperature for 2 h.
The resulting conjugate was purified by immunoaffinity chromatogra-
phy on a 6-B Sepharose column, which immobilized McAbs against
horseradish peroxidase (HRP).

Periodate conjugation method. Conjugation of McAbs against HRP
with normal human IgM was performed in a molar ratio of McAbs to
IgM 1 : 1 by periodate oxidation (Tijssen, 1985) with our own modify-
cations (Galkin et al., 2013). At oxidation of human IgM (15 mg/ml),
0.1 M bicarbonate buffer, pH 8.3, was used, adding the same volume of
14 mM aqueous solution of sodium periodate. The mixture was incuba-
ted for 2 h at room temperature. The thus obtained solution of activated
human IgM was added to a solution of McAbs, which was pre-dialyzed
against a 0.1 M carbonate solution, pH 9.2. The mixture was transferred
to a chromatographic column and 1/3 part of dry sephadex G-25 was

added and incubated for 3 h at room temperature. Upon completion of
the incubation, the conjugate solution was eluted from the column and
the reaction stopped by the addition of 1/20 parts by volume of aqueous
NaBH, solution (5 mg/ml), leaving for 30 min at room temperature.
After that, 3/20 parts of sodium hydroxide solution was added,
incubated for 60 min. The resulting conjugate solution was transferred
to a 0.02 M phosphate buffer with 0.15 M NaCl by dialysis.

Conjugation with glutaraldehyde. Synthesis of the conjugate was
performed using a basic two-step method (Hermanson, 2008) with our
own modifications. A human IgM solution at a concentration of
10 mg/ml in the PBS, pH 6.8, was used. Glutaraldehyde was added to
the solution of the immunoglobulin to glutaraldehyde final concentra-
tion of 1% and maintained overnight at room temperature. Purification
of the activated immunoglobulin from the excess of glutaraldehyde was
carried out using gel filtration on a column of 2.5 % 100 cm with se-
phacryl S-300 using PBS, pH 6.8. For further conjugation, a solution of
McAbs to HRP was used at a concentration of 10 mg/ml in 0.5 M
carbonate buffer solution, pH 9.5. The activated human IgM was mixed
with McAbs in a molar ratio of 1 : 1 and maintained overnight at 4 °C.
The restoration of Schiff bases and probable traces of glutaraldehyde
was carried out by adding NaBH, (10 mg/ml) and holding for 1.5 h at
4 °C. To separate the probable insoluble forms, the solution of the resul-
ting conjugate was centrifuged at 10,000 rpm and purified on a column
of 2.5 x 100 cm with sephacryl S-300 using PBS, pH 7.4.

IgM-capture ELISA. Monoclonal antibodies specific to human IgM
were sorbed in a 0.02 M carbonate-bicarbonate buffer at a concentration
of 2 pug/ml on a 96-well polysterol plate for high-sorption capacity
ELISA (Suzhou Conrem Biomedical Technology Co., China). The plate
was incubated for 12 h at 4 °C, then washed three times with 0.02 M
phosphate buffered saline with 0.15 M NaCl and 0.2% Tween-20
(PBST) and kept in a solution of bovine serum albumin (BSA)
(10 mg/mL in PBS) for 1 h at 37 °C. After four-fold well washings with
PBST, the plate was filled with 100 pl of a solution of normal IgM and
McAbs to HRP in a reaction buffer solution (0.05 M tris-HCI buffer,
pH 8.0, 0.15 M NaCl, 5 mM EDTA, 0, 5 mg/ml BSA, 0.2% Tween-
20). The plates were incubated for 30 min at 37 °C and washed 4 times
with PBST. After washing, a solution of the conjugate of Ch. trachoma-
tis recombinant antigens and HRP (100 pl/well) was added, which was
incubated for 30 min at a temperature of 37 °C. Plates were three times
washed with PBST and twice with distilled water, and then 100 pl of
substrate-chromogenic mixture (solution of 3,3°,5,5’-tetramethylbenzi-
dine 0,25 mg/ml in 0,1 M sodium citrate buffer, pH 4, 5, with addition
of 10 pl of a 33% solution of hydrogen peroxide). The reaction was
displayed for 20 min in the dark and stopped by adding 50 ul of 2 M
sulfuric acid. The optical density was measured at 450 nm/620 nm.

Indirect ELISA. The recombinant MOMP was adsorbed in a 0.02 M
carbonate bicarbonate buffer at a concentration of 2 pug/ml on a 96-well
polysterol plate for high-sorption capacity ELISA (Suzhou Conrem
Biomedical Technology Co., China). The plate was incubated for 12 h
at 4 °C, then washed three times with PBST and kept in a solution of
BSA (10 mg/mL in PBST) for 1 h at 37 °C. After four-fold washings
with PBST, the wells were filled with 100 pl of a solution of the
conjugate of normal human IgM (IgA) and McAbs to the MOMP in a
reaction buffer solution (0.05 M tris-HCl buffer, pH 8.0, 0.15 M NaCl,
5 mM EDTA, 0.5 mg/ml BSA, 0.2% Tween-20). The plates were
incubated for 30 min at 37 °C and washed 4 times with PBST. After
washing, a solution of peroxidase conjugate of monoclonal antibodies
to human IgM (IgA) (100 pl/well) was added which was incubated for
30 min at a temperature of 37 °C. The following procedure was similar
to the IgM-capture analysis.

Results

Characteristics of biological components. The following biological
components were required for synthetic positive controls: monoclonal
antibodies against HRP and Ch. trachomatis MOMP; purified prepara-
tions of human IgA and IgM. Some of these components were obtained
by us earlier. The characteristics of the panels of monoclonal antibodies
against are shown in Table 1-2. Table 1 presents the results of the study
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of the specificity of anti-HRP McAbs — testing of supernatants of hybri-
domas’ clones to: apoenzyme (apoHRP), chemically modified (modHRP)
and recombinant (deglycosylated) enzyme (tHRP). McAbs were divided
into three groups of specificity: group I was characterized by positive
signals when tested for all variants of the enzyme; group II was charac-
terized by positive signals when testing only on native HRP; group 11T
was represented by 1 clone, which was characterized by positive signals
when tested for native and chemically modified HRP (195C10).
Consequently, the first group of antibodies is directed to the protein part
of the antigen, the second group is directed to the carbohydrate residues
attached to the HRP, and the third group is specific to the prosthetic
group of the enzyme. The composite characteristic of McAbs (ELISA
activity, isotype, titre and affinity constant) allowed us to form the

McAbs panel, which is promising for the development of biotechnology
for hybrid positive control samples for immunoassay analysis. The cha-
racterization of the McAbs by titre and affinity made it possible to assess
the prospects for the use of such McAbs in immunoassay. The isotype of
antibodies, on the one hand, affects the feasibility of using McAbs in
various bioanalytical methods, and, on the other hand, is an important
prerequisite for choosing the next method of isolation and antibodies
purification. The developed antibody panel included only those with a
high titre (> 1 : 400) and an affinity constant (> 8.0 x 10° M), as well
as an intense signal from the indirect ELISA.

Other biological components used to achieve this goal were
monoclonal antibodies to the main protein of the Ch. trachomatis outer
membrane; their characteristics are given in Table. 2.

Table 1
Characteristics of the panel monoclonal antibodies to the horseradish peroxidase
OD" in indirect ELISA when testing on Affinity Group of
McAbs HRP apoHRP modHRP HRP Isotype Titre" constal\ill-tl", 10° Epitope epitope
specificity
192F10 1.542 1472 1.242 1.117 1gGy 1:400 113 P1 I
193C7 1.466 1.561 1.334 1.241 1gGy 1:400 9.0 P3 1
196B7 2.071 2119 1.815 1.091 1gG, 1:800 20.0 P2 1
191D5 2.341 2.048 0.050 0.099 12G, 1:800 20.0 P42 I
194H10 1.574 1.120 0.079 0.025 1eG; 1:800 12.7 P4.1 I
195D5 1.943 1.777 0.033 0.045 1gGyy, 1:1600 374 P4.1 I
197F4 2.348 1.325 0.054 0.031 12Goa 1:800 6.5 P5.1 I
195C10 2.324 0.220 1.042 0.072 1eGy, - - - I
213B3 1.988 1.544 1.891 1.405 1gGy 1:800 12.0 P1 1
213F7 2.025 1974 1.744 1.465 1gGy 1:800 115 P2 I
211F9 2.565 2272 0.063 0.047 1eG; 1:1600 10.0 P42 I
212H8 2221 2.144 0.047 0.052 1eGo, 1:1600 28.5 P42 I
214C4 1.994 1.754 0.035 0.034 1gGy 1:800 19.0 P42 I
215B8 1.758 1.621 0.073 0.136 1eGy 1:400 175 P53 I
215G7 1.533 1.602 0.035 0.055 1gG, 1:800 18.2 P4.1 11
Note: " — the average values of the quantities based on the results of the study of hybridoma supematants in 4 replicates are given (P < 0.05).
For isolation and purification of human IgM, the following scheme
. . 1 I Table 2
was used: serum passing through column with immobilized mouse . S
MCcAbs of another specificity; serum brought into the immunoaffinity Characteristics ofthe panel monoclonal antibodies
column with anti-IgM McAbs; washing the column with phosphate to Ch. trachomatis MOMP
buffer; elution of IgM with magnesium chloride; washing the column oD in Competition with
with phosphate buffer; transfer of IgM to phosphate buffer on sephadex McAbs indirect  Isotype Titre” cons ang?l 10° M polyclonal
G-25. This scheme of immunoaffinity allocation and purification of ELISA ’ antibodies
human IgM allows us to get well-reproduced results when using differ- 291B2 2588 IgGy  1:300 16.0 -
rent serums. The original scheme has tangible advantages compared 291F8 2.805 G 1:1600 160 +
with the schemes based on nonspecific biochemical and physico-chemi- ;gggg gjgg igG ! }Sgg 28 B
cal methods of isolating this immunoglobulin. It does not require signi- 203F4 2789 I gg ' 1:1600 160 —-
ficant amounts of serum, the loss of the target product is minimized, and 204FS 2602 IgGZ 1:800 30 "
the technique as a whole is simpler. The degree of purity obtained by this 296B11 2407 IgG,  1:800 ) T
scheme of IgM does not vary from batch to batch and reaches about 296G2 2.890 IgG,,  1:1600 16.0 -
100%, which makes possible its use for immunization of animals and 296H8 2224 IgGy,  1:800 16.0 +

immunoassay. Obtaining human IgA was carried out in a fundamen-
tally similar scheme.

Obtaining of synthetic positive controls for the IgM-capture
immunoassay. The purpose of the first stage of work was the
comparative characterization of various methods of bioconjugation as a
method of synthesis of hybrid positive controls for the immunoassay
test kits of the IgM-capture modification, based on the evaluation of the
biochemical and immunochemical properties of the resulting bio-
conjugates.

The possibility of detecting by means of ELISA-specific antibodies
of different classes can differentiate the primary infectious process and
its remission, exacerbation or chronicization of the disease, that is, to
conduct a differential diagnosis. This approach is realized when patients
are examined for the presence of a humoral immune response to
TORCH infections (toxoplasmosis, rubella, cytomegaly, herpes
simplex virus infections, and some others) that can infect the fetus and
cause developmental defects (Numan et al., 2015; Lu et al., 2016; De
Carolis et al., 2017). That is why testing for the presence of specific IgG
and IgM antibodies against TORCH-infectious agents is an important
diagnostic approach in the mother and child protection system.

Note: " — the average values of the quantities based on the results of the study of
hybridoma supematants in 4 replicates are given (P <0.05).

Based on literature data and our own experience (Galkin et al.,
2013; Dovgan et al., 2016; Yang et al., 2016; Kalayu Yirga et al., 2017),
we selected three principal methodological approaches for the synthesis
of antibody-antibody conjugates that was evaluated for the synthesis of
the appropriate PCs (non-specific IgM/IgA + anti-HRP McAbs): 1) NHS
ether-maleimide mediated conjugation on the example of succinimidyl
4-(N-maleimidomethyl) cyclohexane-1-carboxylate (SMCC) as a cross
linker; 2) glutaraldehyde method; 3) periodate conjugation method.
The use of the above methodological techniques is possible through the
following prerequisites. NHS ether-maleimide conjugate-mediated
conjugation is possible with the participation of two biomolecules, one
of which has free amino groups, and the other has free sulthydryl
groups (Fig. 1). Obviously, human IgM and mouse monoclonal antibo-
dies have appropriate groups that can be involved in this technique.
Glutaraldehyde reacts with e-amino groups of lysine residues of the
protein molecule. It is important to note that several reactions occur
simultaneously, the result of which is the formation of a product that
contains stronger chemical bonds than Schiff simple bases (Hermanson,
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2008). The potential possibility of using the trial method is due to the
fact that the human IgM molecule contains up to 12% of carbohydrate
residues (Nikolayenko et al., 2005). This, in turn, allows for the modify-
cation of the IgM molecule to form active aldehyde groups, which will
subsequently react with amino groups of antibodies to form the Schiff
base. Aldehyde groups in the IgM molecule are formed by oxidation of
sodium periodate of their carbohydrate components, amino groups
which are pre-blocked or 1-fluoro-2,4-dinitrobenzene, or protonated
(Hermanson, 2008). Thus, we should in practice evaluate the acceptabi-
lity of these techniques for the synthesis of antibody-antibody bioconjugates.

Let’s dwell on the choice of McAbs specific to the horseradish
peroxidase, which will be used to synthesize the corresponding hybrid
(synthetic) controls for ELISA kits. When forming the selection criteria,
the following was taken into account. First, among all the immunoche-
mical McAbs characteristics, which were pre-established (Table 1), the
affinity of antibodies is the most important, since this property to a large
extent depends on the stability of the immunochemical complex, which
includes HRP, anti-HRP McAbs, human normal IgM. Secondly, their
equally important characteristic of anti-HRP McAbs is their epitope
specificity. Monoclonal antibodies directed to the carbohydrate residues
of HRP (P4 and P5 epitopic regions) are characterized by higher affinity
constants, compared to McAbs that interact with the polypeptide chain
of the enzyme (P1, P2, and P3 epitopic regions). At the same time, the
constants of affinity for all the McAbs are rather large (10°-10'" M. It
should be noted that the McAbs of both groups of epitopic specificities
from the theoretical point of view is promising for the creation of hybrid
controls on their basis. Possible limitations include the following. A part
of the carbohydrate residues of the enzyme may not be available for
interaction with anti-HRP antibodies, since the formation of a
peroxidase conjugate is the most important method precisely because of
the carbohydrate residues of the enzyme. At the same time, the
interaction of anti-HRP antibodies with the protein part of the enzyme
may potentially change the enzyme activity.

Based on the foregoing, among the obtained anti-HRP McAbs
panel, we have chosen the most affinity antibodies directed both to
carbohydrate (McAb 195D5) and to the polypeptide portion (McAb
196B7) of the enzyme of horseradish peroxidase. The further tactic of
research was as follows: parallel assessment of synthetic control based
on each individual McAb, as well as on the basis of their mixture. At the
same time, this unit of research was preceded by a comparative
assessment of various methods for obtaining conjugates of murine
McAbs to normal human immunoglobulins.

o
o
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0 o o R-HN Ws/
smcc >—<:>—/
d o

—NH,
R 2 Conjugate

Amino group-
containing molecule

Sulfhydryl group-
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HS—R'

SMCC-activated reagent

Fig. 1. Principle of SMCC mediated bioconjugation (by Hermanson, 2008)

Fig. 2 shows the results of the isolation of reduced (monovalent)
anti-HRP McAbs 196B7 and mercaptoethylamine (MEA) residues by
gel filtration on Sephadex G-25 in the production of a NHS-ether-
maleimide-mediated method. As seen from the chromatogram, the
reduced antibodies emerged from the column in the form of a clear
homogeneous molecular weight of the peak. The non-reactive MEA,
which is smaller than its molecular weight, descended from the chroma-
tographic column somewhat.

The results of purification of the conjugate obtained by glutaralde-
hyde, gel filtration on sephacryl S-300 (Fig. 3) were interesting, The re-

sulting conjugate was not homogeneous in molecular weight: it detected
at least three groups of conjugated molecules with close molecular
weights. Similar studies with the conjugate obtained using the instant
method were not carried out, since previous studies indicated the conju-
gates of the homogeneous composition (Nikolaenko et al., 2005).
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Fig. 2. Isolation of reduced anti-HRP McAbs 196B7
and mercaptoethylamine residues by gel filtration on Sephadex G-25
(NHS ether-maleimide-mediated conjugation)
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Fig. 3. Final gel filtration purification (Sephacryl S-300) of the
antibody-antibody conjugate obtained by the glutaraldehyde method

Hybrid positive controls obtained by different methods were evalu-
ated by titration in an enzyme-linked immunosorbent assay designed to
detect IgM antibodies to the Ch. trachomatis that we developed earlier.
This study was conducted in comparison with titration of high-titrated
serum containing IgM specific to Ch. trachomatis, as well as negative
serum (Fig. 4).

The results of the experiment showed the following: the best result
was the PCs obtained by means of SMCC as a cross-linker (NHS-ether-
maleimide-mediated conjugation); the decrease in the activity of diluted
PCs obtained by other methods was more intense. At the same time, all
variants of synthesized PCs were characterized by a more favourable
signal in the ELISA than high-titrer [gM-positive serum.

25

=0~SMCC cross linker

- Periodate method

—k- Glutaraldehyde method
8- Positive serum

-5~ Negative serum

2,0 1

Optical density in ELISA (450 nm)

05 |
oL@ —0 \Ahkﬁ

10 20 40 80 160 320
Dilution
Fig. 4. Titration of hybrid positive controls based on McAb 196B7,
obtained by different methods

At the next stage, titration of the hybrid positive controls obtained
by the NHS-ester-maleimide-mediated method based on monoclonal
antibodies 195D5 and 196B7, as well as their mixtures, was performed
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(Fig. 5). Consequently, synthetic controls based on 195D5 (epitope P4.1
on the carbohydrate part of HRP) and 196B7 (epitope P2 on the protein
part of HRP) show comparable results, while synthetic control based on
a mixture of these McAbs at small dilutions (1 : 10 ... 1 : 20) provides a
truly better result. Thus, the use of a McAb mixture aimed at different
chemical properties of parts of the horseradish peroxidase for the
synthesis of hybrid positive controls is justified.
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Fig. 5. Titration of synthetic controls obtained
by the NHS-ether-maleimide-mediated method on the basis
of different McAbs and their mixtures

Assessment of bioconjugation techniques for hybrid positive ELISA
controls for detecting IgA and IgM antibodies to Ch. trachomatis. The
purpose of the second stage of work was to compare the various me-
thods of bioconjugation for the synthesis of hybrid positive controls of
immune enzyme kits for detection of IgA and IgM antibodies to Ch. tra-
chomatis, based on indirect ELISA. To evaluate the hybrid controls
obtained, their immunochemical properties were used.

We have already described in detail the methodological approaches
that can be used to synthesize antibody-antibody type conjugates (in this
case, nonspecific human IgM/IgA + murine McAb to Ch. trachomatis
MOMP). The most suitable methods are NHS-ester-maleimide-
mediated conjugation with succinimidyl-4-(N-maleimidomethyl) cyclo-
hexane-1-carboxylate (SMCC) as a cross-linking agent, as well as a
reagent method (restorative amination). Thus, at this stage of work it
was necessary in practice to evaluate the acceptability of these techni-
ques for the synthesis of synthetic PCs of ELISA kits for detection of
IgA and IgM antibodies to Ch. trachomatis.

In the synthesis of synthetic positive controls, anti-HPP McAb 296G2
was used. The main prerequisite for the use of this particular antibody was
that McAb 296G2 did not show active competition with polyclonal
antibodies from serum of Ch. trachomatis infected individuals, which, in
turn, minimized the likelihood of PC competition for the site of binding to
antigen that is sorbed to the solid phase or steric constraints in such
interaction.

Hybrid PCs obtained by different methods were evaluated by
titration in an enzyme-linked immunosorbent assay for detection of [gM
and IgA antibodies to the urogenital chlamydial pathogen. This study
was conducted in comparison with the titration of highly traceable
serum containing relevant specific antibodies, as well as negative serum
(Fig. 6). The results of the experiment indicated the following: the best
result was a PC obtained by means of SMCC as a cross-linker (NHS-
ether-maleimide-mediated conjugation). Decrease of immunological
activity at dilution of the PC, obtained by the first method, was more
intense. At the same time, all variants of the received PCs were
characterized by a more favourable signal in the ELISA than high-titled
IgM and IgA-positive serums.

Similar studies were carried out after a test of accelerated stability
(storage for a week at a temperature of 37 °C). The results of the
corresponding tests (Fig. 7) showed that the decrease in the activity of
hybrid PCs occurs less slowly than the positive serums containing the
corresponding specific antibodies. Such results determine the promising
use of the described method for the development and production of
immuno-enzyme kits for the diagnosis of urogenital chlamydiosis.

Thus, at this stage of work, methodological approaches to obtaining
hybrid positive controls for indirect immunoassay analysis, which are
intended to detect IgM and IgA antibodies to the pathogen of urogenital

chlamydia, have been substantiated, namely: NHS-ether-maleimide-
mediated conjugation on an example of SMCC as a cross-linking agent
and periodate method of bioconjugation. It has been established that
hybrid positive controls, obtained by different methods, are characterized
by a higher titre compared to high-titre serum containing IgM and IgA
antibodies to Ch. trachomatis. However, the positive control obtained by
means of SMCC was characterized by the best titration profile (a slower
decrease in the activity of the ELISA during its dilution) both at the time of
its obtaining and after its storage at increased temperature.
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Discussion

Among the whole complex of methods of clinical laboratory
diagnostics, one of the earliest surgical methods of serologic diagnostics
was proposed and introduced, which remain extremely relevant to the
present day. Serological methods are used for diagnostics as infectious
(bacterial, viral, fungal, parasitic), and non-infectious (oncological,
endocrine, allergic) diseases. A significant proportion of diagnostic
examinations carried out by the laboratory service relates precisely to
serological tests. Serological methods remain an indispensable part of
ensuring the sanitary and epidemiological well-being of any country
(Cosgun et al., 2018; Di Poto et al., 2018; Riboldi et al., 2018).

It should be noted that since the expiry of the introduction of a
laboratory examination of patients with a diagnostic purpose, the range
of used methods and technologies has significantly expanded. Scientific
and technological progress has considerably increased the possibilities
of laboratory diagnosis — almost all chemical and cellular components
of biological materials have become available for evaluation, and
available methods, technologies and equipment have made it possible to
accurately characterize the state of organs and systems of the organism
with a fair degree of accuracy. A whole branch of scientific and
production activity was formed, which is engaged in development and
manufacture of means for clinical laboratory diagnostics. Appropriate
scientific and technological developments are the subject of biotechno-
logy. Development of serological diagnostics kits is the subject of
immunobiotechnology — a section of biotechnology, which aims to
create diagnostic and immune drugs for the diagnosis, treatment and
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prevention of human and animal diseases. From the biotechnological
position, the starting point for any serological method is the immune
response. And hence one of the most important fundamental foundations
of the development of serological diagnostic kits is the understanding of
the pattern of the immune response to one or another antigen. Given this
circumstance, information about the antigenic structure of various
proteins and substances of another chemical composition that may have
a diagnostic value acquires special significance. Relevant fundamental
and applied research is usually preceded by the development of
serological tests. Important “tools” in the development of diagnostic
products are the actual carriers of the immune response — immunoglo-
bulins. At present, the use of polyclonal antibodies in the total volume of
serological studies has significantly decreased — monoclonal antibodies
have appeared on the foreground, which have undeniable advantages
both from the point of view of their production technology and their
biological and immunochemical properties. Hybrid technology has
been one of the most used biotechnology for the fourth decade (Mao et
al.,, 2017; Camacho et al., 2018; Cortez et al., 2018). With the advent of
genetic engineering, a unique opportunity was created for the purpose-
ful design of molecular genetic systems and the production of recombi-
nant proteins, including diagnostic purpose. Without the use of recombi-
nant protein antigens of various origins, it is not possible to present a
modern serological diagnosis. It should be noted that biomolecules used
in serological tests (antibodies, antigens, etc.) do not always “work” in
their free form. Often the need arises to combine such biomolecules
with one another or with substances of chemical origin. To solve such
problems, a wide arsenal of methods of bioorganic chemistry is used — the
conjugates of biomolecules of different qualitative and quantitative com-
position are obtained. The development of new and improved existing
methods of conjugation of biomolecules is an urgent task of biotechnology.
The works were devoted to the development of biotechnology for
hybrid (synthetic) positive control samples for ELISA test-kits. The
composition of the immunoassay kits have to include control samples
(negative and positive). The latter is either directly to the serum
(plasma) of the blood of infected persons, or a solution of specific
antibodies derived from such a serum. As already noted, in the case of
producing ELISA kits intended to detect specific IgG antibodies, there
is no problem in obtaining positive controls, since immunoglobulins of
the IgG class are the major protective antibodies in the serum of infected
individuals and convulsants in relatively high titres. At the same time,
for the large-scale production of immunoassay kits designed for
detection of IgA and IgM antibodies, there are limitations on the
availability of large amounts of starting material — IgA and IgM positive
sera (Galkin & Gorshunov, 2014; Galkin et al., 2015). An adjuvant that
solves such a disorder is the usage of hybrid positive controls, including:
universal synthetic positive control for IgM capture ELISA — a conjugate
of normal human IgM and McAbs to the horseradish peroxidase, as
well as synthetic positive control for indirect ELISA, which is designed
for detection of IgM and IgA antibodies to Ch. trachomatis — a conjugate
of normal human IgM (or IgA) and McAbs to the Ch. trachomatis MOMP.
Solving the task started with characterization of McAbs to HRP. For
further synthesis of hybrid positive controls for IgM-capture ELISA kits
the most affinity antibodies directed both to carbohydrate (McAb 195D5)
and to the polypeptide portion (McAb 196B7) of HRP were used. These
studies were conducted in parallel for three different methods of obtaining
antibody-antibody conjugates that are widely used in biochemistry and
biotechnology: 1) NHS-ether-maleimide-mediated conjugation, using succi-
nimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate (SMCC) as a
cross-linking agent; 2) glutaraldehyde conjugation method; and 3) perio-
date conjugation method. It has been shown that the use of SMCC as a
cross-linking agent provides the formation of more active conjugates that
formed one peak during chromatographic purification. At the same time,
the conjugate obtained by the glutaraldehyde method was inhomogeneous —
during chromatography, it formed three groups of molecules with differ-
rent molecular weights. Such results correlate somehow with the data of
authors (Raev et al.,, 2015) who studied the size distribution of carbon
nanoparticles that were covalently functionalized by protein macromole-
cules with glutaraldehyde, as well as with recommendations (Hermanson, 2008).
To obtain hybrid positive controls for the ELISA kits for detecting

IgA and IgM antibodies to Ch. trachomatis needed to get McAbs to the
Ch. trachomatis MOMP and examine their immunochemical properties.
To solve this problem, mice of the Balb/c lines and the immunization
scheme, such as the one receiving antibody antibodies, were used. As in
the case of McAbs of other specificity, the required characteristic of the
panel of antibodies obtained was their epitopic specificity. At the same
time, analyzing the data of various authors regarding the structure and
localization of MOMP in the cytoplasmic membrane, the features of the
human humoral immune response to this protein (Wang et al., 2006;
Vasilevsky et al., 2016), as well as the results of their own research on
the competition of some McAbs with polyclonal sera of patients with
urogenital chlamydiosis, it was decided to use the method of epitope
mapping based on the technology of phage display (the establishment of
directly amino acid residues with which antibodies interact). This study
was conducted for the most affinity antibodies that competed (McAbs
291F8 and 293F4) and did not compete (McAb 296G2) with the
polyclonal antibodies of the serum at the sites of antigen binding.

Consequently, at the first stage of the work, methodological appro-
aches to obtaining hybrid positive controls for the IgM-capture ELISA kits
were theoretically substantiated. It has been established that conjugates of
normal human IgM and McAbs to HRP, obtained with NHS-ether-malei-
mide-conjugation and periodate conjugation method, are homogeneous in
molecular weight, whereas the conjugate synthesized by the glutaral-
dehyde method contains at least three groups of close molecular mass
biopolymers. Hybrid positive controls, obtained by different methods, are
characterized by a higher titre compared to high titer [gM-positive serum.
However, the positive control obtained with the help of the SMCC is
characterized by the best titration profile (a slower decrease in the activity
of the ELISA during its dilution). The feasibility has also been proved of
synthesizing positive controls on the basis of MAT, aimed at the various
chemical nature of the epitopes of the hormone peroxidase molecule:
carbohydrate residues and the polypeptide chain.

The resulting set of data allowed us to reasonably select McAb
296@G2 for use in hybrid positive control for ELISA kits as this antibody
in the positive control should not compete with polyclonal antibodies at
the site of binding to the sorbed antigen. Further experiments to determi-
ne the optimal method for obtaining hybrid controls also confirmed the
greater effectiveness of the NHS-ether-maleimide-mediated conjuga-
tion method.

Conclusions

The methodological approaches to obtaining synthetic positive
controls for the [gM-capture immuno-enzymatic analysis are theoretically
substantiated, namely: NHS ether-maleimide-mediated conjugation, using
SMCC as a cross-linking agent, glutaraldehyde and periodate bioconjuga-
tion methods. It has been established that conjugates of normal human
IgM and monoclonal antibodies to the horseradish peroxidase obtained
with NHS ether-maleimide-mediated conjugation and periodate method
are homogeneous in molecular weight, whereas the conjugate synthesized
by the glutaraldehyde method contains at least three groups of close mole-
cular biopolymers masses. Synthetic positive controls, obtained by diffe-
rent methods, are characterized by a higher titre compared to highly-
labeled IgM-positive serum. However, the positive control obtained with
the help of SMCC is characterized by the best titration profile (more
slowly decreasing the activity of the ELISA during its dilution). The me-
thodological approaches to obtaining synthetic positive controls for
indirect enzyme-linked immunosorbent assays for the detection of IgM
and IgA antibodies to Ch. trachomatis are substantiated, namely: NHS
ether-maleimide-mediated conjugation, using SMCC as a cross-linking
agent, glutaraldehyde and periodate bioconjugation methods. It was found
that synthetic positive controls obtained by different methods are
characterized by a higher titre compared to high-level serum containing
IgM and IgA antibodies to Ch. trachomatis. However, the positive control
obtained with SMCC is characterized by the best titration profile (slower
decrease in activity of ELISA during its dilution) both at the time of its
receipt and after its storage at elevated temperature. The high activity of
hybrid positive controls open up opportunities for increasing the efficiency
of ELISA kits.

146 Regul. Mech. Biosyst., 9(2)



References

Camacho, S. A., Sobral-Filho, R. G., Aoki, P. H. B, Constantino, C. J. L., &
Brolo, A. G. (2018). Zika immunoassay based on surface-enhanced raman
scattering nanoprobes. ACS Sensors.

Cortez, M. M,, Rojas, G. C., Parkhouse, R. M. E. (2018). The HP10 7aenia mono-
clonal antibody-based ELISA detects a similar protein in the vesicular fluid of
Taenia hydatigena. Tropical Animal Health and Production, 50(3), 697-700.

Cosgun, Y., Guldemir, D., Coskun, A., Yolbakan, S., Kalaycioglu, A.T., Koruklu-
oglu, G., & Durmaz, R. (2018). The importance of serological and molecular
analyses for the diagnosis of measles cases and for meeting elimination
targets in Turkey from 2007 to 2015. Epidemiology and Infection. 14, 1-6.

De Carolis, S., Tabacco, S., Rizzo, F., Perrone, G., Garufi, C., Botta, A., Salvi, S.,
Benedetti Panici, P., & Lanzone, A. (2017). Association between false-positive
TORCH and antiphospholipid antibodies in healthy pregnant women. Lupus,
961203317741564.

Di Poto, C., He, S., Varghese, R. S., Zhao, Y., Ferrarini, A., Su, S., Karabala, A.,
Redi, M., Mamo, H., Rangnekar, A. S., Fishbein, T. M., Kroemer, A. H.,
Tadesse, M. G., Roy, R., Sherif, Z. A., Kumar, D., & Ressom, H. W. (2018).
Identification of race-associated metabolite biomarkers for hepatocellular
carcinoma in patients with liver cirrhosis and hepatitis C virus infection.
PLoS One, 13(3), €0192748.

Dovgan, L., Kolodych, S., Koniev, O., & Wagner, A. (2016). 2-(Maleimidome-
thyl)-1,3-dioxanes (MD): A serum-stable self-hydrolysable hydrophilic alter-
native to classical maleimide conjugation. Scientific Reports, 6, 30835.

Galkin, O. Y., & Gorshunov, Y. V. (2014). Otsinka metodiv biokoniuhatsii dlia
otrymannia syntetychnykh pozytyvnykh kontroliv dlia imunofermentnoho
analizu modyfikatsii “IgM-pastka” [Evaluation of bio-conjugation methods
for obtaining of synthetic positive control for IgM-capture ELISA]. Visnyk
of Dnipropetrovsk University, Biology, Medicine, 5(2), 85-89 (in Ukrainian).

Galkin, O. Y., Besarab, A. B., & Lutsenko, T. N. (2017). Characteristics of enzyme-
linked immunosorbent assay for detection of IgG antibodies specific to
Chiamydia trachomatis heat shock protein (HSP-60). Ukrainian Biochemical
Journal, 89(1), 22-30.

Galkin, O. Y., Gorshunov, Y. V., & Besarab, O. B. (2015). Syntetychni pozytyvni
kontroli imunofermentnykh naboriv dlia vyiavlennia IgA ta IgM antytil do
Chlamydia trachomatis [Synthetic positive controls for ELISA test kits for
detection of IgA and IgM antibodies to Chlamydia trachomatis]. Visnyk of
Dhnipropetrovsk University, Biology, Medicine, 6(1), 3-8 (in Ukrainian).

Galkin, O. Y., Gorshunov, Y. V., Besarab, O. B., & Ivanova, O. M. (2018). Deve-
lopment and characterization of highly informative ELISA for the detection
of IgG and IgA antibodies to Chlamydia trachomatis. Ukrainian Biochemi-
cal Journal, 90(3), 49-62.

Galkin, O. Y., Savchenko, A. A., Nikitina, K. I, & Dugan, O. M. (2013). Obtai-
ning and study of properties of new monoclonal antibodies against human
IgE. Ukrainian Biochemical Journal, 85(5), 81-87.

Hermanson, G. T. (2008). Bioconjugate techniques. Academic Press, San Diego.

Holmes, D. A., Purdy, D. E., Chao, D. Y., Noga, A. J., & Chang, G. J. (2005).
Comparative analysis of immunoglobulin M (IgM) capture enzyme-linked
immunosorbent assay using virus-like particles or virus-infected mouse brain
antigens to detect IgM antibody in sera from patients with evident flaviviral
infections. Journal of Clinical Microbiology, 43(7), 3227-3236.

Hunsperger, E. A., Yoksan, S., Buchy, P., Nguyen, V. C., Sekaran, S. D., Enria,
D. A., Pelegrino, J. L., Vazquez, S., Artsob, H., Drebot, M., Gubler, D. J.,
Halstead, S. B., Guzman, M. G., Margolis, H. S., Nathanson, C. M., Rizzo,

L.N.R,, Bessoff, K. E., Kliks, S., & Peeling, R. W. (2009). Evaluation of com-
mercially available anti-dengue virus immunoglobulin M tests. Emerging
Infectious Diseases, 15(3), 436-440.

Kalayu Yirga, S., Ling, S., Yang, Y., Yuan, J., & Wang, S. (2017). The prepara-
tion and identification of a monoclonal antibody against citrinin and the
development of detection via indirect competitive ELISA. Toxins (Basel),
9(3),el110.

Kamel, R. M. (2013). Screening for Chlamydia trachomatis infection among infertile
women in Saudi Arabia. International Journal Women’s Health, 5, 277-284.

Lu, B, & Yang, Y. (2016). Detection of TORCH pathogens in children with con-
genital cataracts. Experimental and Therapeutic Medicine, 12(2), 1159-1164.

Mao, L., Li, W., Zhou, T., Yang, L., Hao, F., Li, J., Zhang, W., Luo, X., & Jiang,
J. (2017). Development of a blocking ELISA for Caprine parainfluenza virus
type 3. Journal of Virological Methods, 250, 59-65.

Nikolaenko, I. V., Galkin, A. J., Raevskaja, G. E., Donskaja, E. S., Kasfjanenko, T. V.,
Tereshhenko, M. L, & Spivak, N. J. (2005). Poluchenie monoklonalnyih an-
titel k Fe-fragmentu IgG cheloveka i primenenie immunofermentnyih kon'-
yugatov na ih osnove [Preparation of monoclonal antibodies to Fc-fragments
of human IgG and usage of its conjugates in immunoassays]. Clinical
Laboratory Diagnostics, 11, 811 (in Russian).

Nikolayenko, I. V., Galkin, O. Y., Grabchenko, N. L, & Spivak, M. Y. (2005).
Preparation of highly purified human IgG, IgM, and IgA for immunization
and immunoanalysis. Ukrainica Bioorganica Acta, 2(2), 3—11.

Numan, O., Vural, F., Aka, N., Alpay, M., & Coskun, A. D. (2015). TORCH se-
roprevalence among patients attending Obstetric Care Clinic of Haydarpasa
Training and Research Hospital affiliated to Association of Istanbul Northem
Anatolia Public Hospitals. Northern Clinics of Istanbul, 2(3), 203-209.

Raev, M. B., Khramtsov, P. V., & Bochkova, M. S. (2015). Investigation into size
distribution of carbon nanoparticles covalently functionalized with proteins.
Nanotechnologies in Russia, 10, 140-148.

Reesink-Peters, N., Ossewaarde, J., Van Der Zee, A. G. J., Quint, W., Burger, M.,
& Adriaanse, A. (2001). No association of anti-Chlamydia trachomatis anti-
bodies and severity of cervical neoplasia. Sexually Transmitted Infections,
77(2), 101-102.

Riboldi, E., Carvalho, F., Roméao, P. R. T., Barcellos, R. B., Bello, G. L., Ramos,
R.R,, de Oliveira, R. T., Jinior, J. P. A., Rossetti, M. L., & Dallegrave, E.
(2018). Molecular method confirms canine Leishmania infection detected by
serological methods in non-endemic area of Brazil. Korean Journal of Para-
sitology, 56(1), 11-19.

Tijssen, P. (1985). Practice and theory of enzyme immunoassays. Laboratory
Techniques in Biochemistry and Molecular Biology, 15, 674.

Vasilevsky, S., Stojanov, M., Greub, G., & Baud, D. (2016). Chlamydial poly-
morphic membrane proteins: Regulation, function and potential vaccine can-
didates. Virulence, 7(1), 11-22.

Vazquez, S., Hafher, G., Ruiz, D., Calzada, N., & Guzman, M. G. (2007). Evalua-
tion of immunoglobulin M and G capture enzyme-linked immunosorbent
assay Panbio kits for diagnostic dengue infections. Journal of Clinical Viro-
logy, 39(3), 194-198.

Wang, Y., Berg, E. A., Feng, X., Shen, L., Smith, T., Costello, C. E., & Zhang, Y. X.
(2006). Identification of surface-exposed components of MOMP of Chlamy-
dia trachomatis serovar F. Protein Science, 15(1), 122-134.

Yang, H., Dai, R., Zhang, H., Li, C., Zhang, X., Shen, J., Wen, K., & Wang, Z.
(2016). Production of monoclonal antibodies with broad specificity and de-
velopment of an immunoassay for microcystins and nodularin in water.
Analytical and Bioanalytical Chemistry, 408(22), 6037-6044.

Regul. Mech. Biosyst., 9(2) 147



Regulatory Mechanisms
mglslos%rstems

Activity of nitrogen fixation and antioxidant enzymes
in symbiotic systems Glycine max — Bradyrhizobium japonicum
for complex treatment with lectin and fungicides

S. Y. Kots, T. P. Mamenko, A. V. Pavlyshche

Institute of Plant Physiology and Genetics, National Academy of Sciences of Ukraine, Kyiv, Ukraine

Article info

Received 02.02.2018

Received in revised form
27.03.2018

Accepted 29.03.2018

Institute of Plant Physiology
and Genetics, National
Academy of Sciences of Ukraine,
Vasylkivska st., 31/17, Kyiv,
03022, Ukraine.

Tel.: +38-044-257-51-50.
E-mail: t_ mamenko@ukt.net

Kots, S. Y., Mamenko, T. P., & Pavlyshche, A. V. (2018). Activity of nitrogen fixation and antioxidant enzymes in
symbiotic systems Glycine max — Bradyrhizobium japonicum for complex treatment with lectin and fungicides.
Regulatory Mechanisms in Biosystems, 9(2), 148—155. doi:10.15421/021822

The dynamics of the nitrogen fixation activity of the root nodules, the growth of the vegetative mass of plants and
the change in the activity of antioxidant enzymes (superoxide dismutase, ascorbate and guaiacol peroxidase) in different
soybean organs for treatment of seeds by rhizobia incubated with lectin, in combination with fungicides have been
studied. The objects of the study were symbiotic systems formed with the participation of soybean (Glycine max (L.)
Merr.) Almaz and Bradyrhizobium japonicum (standard strain 634b) incubated with lectin. As disinfectants of soybean
seeds, the following preparations with fungicidal activity were used — Maxim XL 035 PS, Fever, Standak Top according to
one rate of active substance consumption of each preparation specified by the manufacturer. One part of the seeds
treated with fungicides was inoculated with pure culture of suspension of rhizobia for one hour (titre of suspension
concentration was 10° cells/ml). Another part of the seeds treated with fungicides was inoculated with rhizobia
suspension, which was previously incubated with a solution of commercial lectin soybean at a concentration of 100 pg/ml.
The research was conducted in strictly controlled conditions of a model vegetative experiment using microbiological,
physiological, biochemical methods, gas chromatography, spectrophotometry. It was found that processing of soybean
seeds with fungicides (Fever and Maxim XL) together with rhizobium inoculation contributed to the preservation of the
nitrogen fixation activity of the root nodules and the growth of vegetative mass of plants. Under these conditions, the
intensification of the activity of superoxide dismutase and ascorbate peroxidase was observed, as well as inhibition of
the activity of guaiacol peroxidase in soybean root nodules in the phase of three true leaves and increased activity of all
investigated enzymes in the phase of mass flowering. It has been established that the use of complex treatment of seeds
by soybean rhizobia incubated with lectin and fungicides leads to an increase in the activity of superoxide dismutase
and guaiacol peroxidase in root nodules in the phase of three true leaves and the growth of the activity of ascorbate
peroxidase in the phase of mass flowering. At the same time, the inhibition of the growth of vegetative mass of plants
and their symbiotic properties occurred, as evidenced by the decrease in the nitrogen fixation activity of the root nodules
for the joint treatment of seeds with fungicides and lectin. A specific reaction of investigated enzymes in the roots and
leaves of soybean was shown, which was more pronounced in the phase of three true leaves, indicating the development
of a typical antioxidant reaction to a complex treatment, as a kind of stress that is leveled to the phase of mass flowering.
The degree of reaction of antioxidant enzymes in the studied symbiotic systems Glycine max — Bradyrhizobium

Japonicum depends on the nature of the active substance fungicides and the manifestation of their joint effect in a
complex with rhizobia incubated with lectin.

Keywords: soybean, rhizobia; superoxide dismutase; guaiacol peroxidase; ascorbate peroxidase; symbiosis

AKTHBHICTb a30Tdikcanil Ta aHTHOKCUAAHTHUX (PepPMEHTIB
y cumbOioTuunmnx cucremax Glycine max — Bradyrhizobium japonicum
32 KOMILJIEKCHOI 00pPO0KHM JIEKTHHOM i QyHTrinmaamMu

C. 4. Koup, T. I1. Mamenko, A. B. ITaBauiie

Incmumym ¢hizionoeii pocaun i eenemuxu HAH Yxpainu, Kuis, Yxpaina

JlocnipkeHo MUHAMIKY a30T(iKCyBaTbHOI aKTUBHOCTI KOPEHEBUX OyJIbOOYOK, HAPOCTAHHS BETCTATHBHOI MAcH POCIMH Ta 3MiHH aKTHBHOCTI
AQHTHOKCHAAHTHUX (DEPMEHTIB (CYNEepOKCHUIUTMCMYTa3H, acKopOaT- 1 IBAsKOINEPOKCHIA31) y PI3HUX OpraHax coi 3a 00poOKM HACiHHS pH300iIMu,
iHKYOOBaHMMH 3 JICKTUHOM, Y KoMIUieKci 3 (yHrimaamu. O6’eKTH TOCIIPKEHHS! — CUMOIOTHYHI CHCTEMH, YTBOPEHi 3a yuactio coi (Glycine max
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(L.) Merr.) copry Anma3s i Bradyrhizobium japonicum (mram-cranmapt 6340), iHKyOOBaHMX i3 JIKTMHOM. SIK HpOTpyroBa4i HAaciHHS COi
BHKOPHCTaHO Hperapaty 3 QyHrimunHoo akTuBHiCTI0O Makcum XL 035 PS, desep, Cranpak Tom i3 po3paxyHKy OfHi€l HOPMHU BHTpAT Aif040L
PCUYOBMHH KOXKHOTO TIperapary, Bka3zaHoi BUpoOHHKOM. OHYy 4acTHHY 00poOiieHOro (YHIilaaMy HACIHHS IHOKYJTFOBAIH YHCTOK KYJIBTYPOO
cycensii pu3o6iii npoTAroM onHiei romuHM (THTP KOHueHTpawii cycnensii cranoue 10° wr/m). IHuy yacTiHy 06pOGICHOrO (yHrilmzaMU
HACIHHs IHOKYJTIOBAIIM CyCIeH3i€r0 pu300iH, sika rnornepesHso Oyiia iHKyOoBaHa 3 pO3UMHOM KOMEpLIHHOT0 JISKTHHY coi y KoHIeHTpauii 100 Mxr/mi.
JlocmipkeHHsT TPOBOAIVIM Y CYBOPO KOHTPOJIbOBAHHMX YMOBaX MOJENIBHOIO BETeTAlIHOrO JOCIILY 3 BHUKOPUCTAHHSAM MIKpOOIONOTIYHHMX,
¢isiosnoriyHux, OIOXIMIYHMX METOiB, ra3oBoi xpomarorpadii, criekrpodoromerpii. O6podka HacinHs coi ¢yHrinunamu (Desep i Makcum XL)
CIUTBHO 3 HOKYJISLIEI PH300iIMH CIIpHsiIa 30epeKeHHIO a30T(IKCYBAITBHOI aKTHBHOCTI KOPEHEBHX OyJIH00YOK 1 HAPOCTaHHIO BEreTaTHBHOI MacH
pociuH. 3a TaKuX yMOB 00pOOKH BigOyBasach iHTCHCH(IKAIis aKTHBHOCT] CyHEPOKCUIIUCMYTa3H Ta aCKOpOATIEePOKCUIA3H, a TAKOXK IIPHTHIYCHHS
AKTUBHOCTI I'BasIKOJIIIEPOKCHIA3K B KOPEHEBHX OyNIb00uKax coi y (ha3y TphOX CIPaBKHIX JIUCTKIB Ta MiIBUIICHHS aKTHBHOCTI BCIX OCII/DKYBAaHUX
(epmeHTiB y da3y macoBoro 1BiTiHHs. KoMIiekcHa 00poOka HaciHHS col pr300isIMH, IHKYOOBAHMMH 3 JISKTHHOM, 1 (DYHTIL[MAaMH, ITiIBUIIlyBaa
AKTHUBHICTH CYNEPOKCHIUIMCMYTa3H Ta TBASKOIIEPOKCHIA3U B KOPEHEBUX Oynb0ouKax y a3y TPhOX CHPaBXKHIX JIUCTKIB Ta CIpPYsUIa 3POCTAHHIO
aKTHBHOCTI ackopbaTepokcuaas y ¢azy MacoBoro IiTiHHA. [Ipy 1boMy BinOyBaIoch IPUTHIYCHHS HAPOCTAHHS BEreTaTUBHOI MacH POCIIMH Ta X
CHUMOIOTHYHMX BJIACTHBOCTEH, IO MPOSBILUIOCH Y 3HIDKCHHI a30T(IiKCYBATBHOI AKTUBHOCTI KOPEHEBUX OYIIbOOUYOK 3a CIIUIbHOI 0OpOOKM HACIHHS
¢yHrimpaamu Ta JiekthHOM. [lokasaHo crenudiuHy peakiiito J0CHiPKyBaHUX (PEPMEHTIB Y KOPEHSIX 1 JINCTKAX COi, sika OyJia OUIbII BUPAKEHOK Y
(azy TpbOX CIPaBKHIX JIMCTKIB. Lle CBIIUUTH PO PO3BUTOK THIIOBOT aHTHOKCUIAHTHOI PeaKLiii Ha KOMILIEKCHY 00poOKy sIK CBOepiHUIL cTpec, sIKuit
HIBEMIOBaBCs 10 (a3 MacoBoro IBITiHHA. CTyMiHb peakiii JOCTI/HKYBaHUX aHTHOKCHIAHTHUX (DePMEHTIB y cUMOioTHYHMX cucteMax Glycine max —
Bradyrhizobium japonicum 3anexas Bizt XapakTepy JiF040i pe4OBHHH (DYHI LB Ta IPOSIBY IX BIUTHBY B KOMILIEKCI 3 PH300ISIMH, IHKYOOBAHUMH 3 JICKTHHOM.

Knrouosi crnosa: cost; pu300ii; CymepoKcHIUICMyTasa; TBasKOJIIEPOKCH Ia3a; acKopOaTIiepoKcHIasa; cuMoios

Beryn

Cost — orHa 3 HAOUTBII BUCOKOPEHTAOCBHIX MEPEIOBUX KyIlb-
TYp y CUIbCHKOTOCIIONAPCHKOMY BHPOOHHIITBI YKpaiHHU Ta CBITYy B Iii-
JIOMy, LIKaBICTh IO BUPOLIYBAHHSI SIKOI 3 KOYKHUM POKOM IHTCHCHBHO
3pOCTaE, IO BiIMIYAETHCS 3POCTAHHAM MOCIBHHX TUIOLI 1 ypOsKaitHOCT1
Hacians (Sergienko, 2012; Kobak et al., 2016). Ogna 3 npuduH Heo-
00Opy BpOXKAIO COI — ypakeHH i (hiTormaToreHHNMI MIKpOOpraHi3mMa-
MH — BIpaTH BPOXalo 3epHA Bif XBopoO mocsrarote 30-40%. Tomy
BKIIMBA CKJIaJI0BA TCXHOJIOTII BUPOIILYBaHHS COT — 3aXKCT il Bif (iTo-
maToreHHux oprauismis (Sergienko, 2012).

Bce 6ipiua yBara JOCIITHUKIB CIIPSIMOBHA JI0 BUPILIICHHS THTaH-
HsI [IOPYILICHHS PIBHOBATH B CUCTEMI «POCIIMHA — IATOreH — JIOBKULISH
(Kobak et al., 2016). V mnepion Bererarii pocanH BapTo NPOBOAMTH
IHTETPOBaHy CHCTEMY 3aXHCTY TOCIBIB, 3AIC)KHO Bill iX (hiTOCAHITapHO-
ro cTany. Lle rapMoHiifHO MoeTHAHI yCi Cy4acHi METOIM 3aXICTy: Opra-
HI3aifHO-TOCIIONAPCHK], arpoTeXHiuHi, IMyHOJOTIUHi, Glonorivni Ta
ximiuHi 3acobu (Marco, 2013). PazoM i3 TM, ofHa 3 OCHOBHHX IIpO-
OJieM 3aXHUCTy POCIMH — HE CTUIbKM BUKOPUCTAHHS XIMIYHUX 3acO0IB
3aXVCTy POCIIHMH, CKUIBKHY TIONIYK IIUIIXIB 3HWKEHHS PIBHA X IKOIO-
YUHHOCTI [Is1 HABKOJTHIIHBOTO cepezosuiia (Mohammadi et al., 2012;
Petrichenko & Kots, 2014).

OmuH 13 BaXMBUX (DaKTOpIB 3aXKCTy POCIHMH COi Bifl XBOpOO i
MK THHAKIB — 00p0OKa HACIHHA MPOTPYHHUKAMH B KOMIUIEKCI 13 3aCTO-
CyBaHHsIM IHOKYJISIHTIB Ha OCHOBI MIKPOCHMOIOHTIB B. japonicum, siKi,
Y CBOIO Yepry, CHPHUSIOTH MBHUIIIEHHIO CTPECOCTIMKOCTI Ta MPOJTyKTHB-
Hocti pociuH (Nikolaevsky et al., 2017). Pocrmuu coi 3 akTHBHEM
CUMOIOTHYHHMM anapaToM CTIHKIII J0 ypakeHHs! IMPOKUM CIIEKTPOM
XBOPOO, a YiTKe TOEAHAHHS BCIX 3aXOIiB, HATIPABICHNX HA ONTHMI3a-
1ifo cuMbio3y, crprsie (hPOpMYBaHHIO TOTYIKHOIO CUMOIOTHYHOIO aria-
paty, MONBIIIICHAO (ITOCAHITAPHOTO CTaHY TOCIBIB, ITiABUIICHHIO PO-
JIFOYOCTI TPYHTY Ta OTPHMAHHIO BUCOKHX YPOXKaiB cOi 3 HAKpaImMu
sikicanvu rokasHukami (Nikolaevsky et al., 2017).

Poskputts ocobimBocTeid (hopMyBaHHS 3aXHCHHUX PEAKIIINA Y CHM-
061031 00OOBUX POCIHMH 13 IITaMaMu OyJIHOOUKOBHX OAKTEPiil BAKIIHBE
JUTS TOIIYKY e(heKTUBHIX CUMOIOTHYHHX CHCTEM, 3IaTHUX peasli3yBa-
TH CBIlf aaNTUBHUI MOTEHLIAT 3a Aii cTpec-(hakTopiB, a PO3LIMPESHHS
Ta MOMIMONCHHS IOCII/DKEHb Y 1IbOMY HANpsIMKY Tiepeadadae yuoc-
KOHAJICHHSI iCHYIOUHX 1 CTBOPEHHs HOBHX (Di310710r0-010XiMIYHHX 3aC0-
0iB peryJmii X aganTarmiifHOl 37aTHOCTI y CcTpecoBHX yMoBax (Mo-
hammadi et al., 2012).

IHBa3ist pr300iil y KIITHHNA KOPSHEBUX BOJIOCKIB O00OBUX TTOIOHA
JI0 TIPOLIECY MaTOreHe3y — Iie CBOEPIIHMIA CTpeC Ul POCIHHH, KUK
MOKE BUKJTMKATH IHTCHCH(IKAIiFO0 OKUCHHX TPOIIECIB Ta MiBUIIICHHS
BMicTy aktuBHUX (opM kucHio (ADK) (Iturbe-Ormaetxe et al., 2001;
Zhiznevskaya, 2001; Matamoros et al., 2003). ¥V coro uepry, AOK
MOXKYTb BHCTYTIATH SIK CUTHAIbHI MOJIEKYJIH, 1110 OEpyTh y4acTb B aK-
THBAIIl 3aXMCHUX CHCTEM 32 Jii CTpecy, 30KpeMa, IHIyKyBaTH CHHTE3
(epmenTiB anTHOKCHIaHTIB (Mittler, 2002). OcHOBHMIA iHILIATOD BiTb-
HOPa/IMKAIHHOTO OKUCHEHHS JIITi/IIB MEMOPAH — CYTICPOKCH], IO Te-

HEpyeThesl y 0ararb0X CHIOHTAHHKX 1 CH3UMATAYHHMX PEAKINisX OKHIC-
HEHHsI, TPUYOMY TPOAYKTAMH HOro BTOPUHHOIO MEPETBOPEHHS MO-
JKyTh OYTH CHHIVICTHHI KHCEHb, TiIPOKCIIIBHUIN PaMKaN, TIEPOKCHIT
BOJIHIO, OpraHiuHi nepokcuay Ta ix pamukam (Shao et al., 2008; Shar-
ma et al., 2012). ToMy KIIOYOBHIA €H3UM 3aXHCTY KHBHUX OpraHi3MiB
BiIl OKHICHOI JecTpyKil — cynepokcuamiemyTtasa (CO/I), sixa karami-
3y€ YTBOPEHH MIEPOKCHITY BOAHIO Ta KHCHIO 3 aHIOH-PaIUKaIB CyTIep-
okerny (Raychauhuri & Deng, 2000; Alser et al., 2002). [l ytwtiza-
wii epokcry BoaHto (HyO,) BKITIOYAETHCS KOMILIEKC CH3UMIB: KaTa-
J1a3a, poJIMHa MepoKcHIas — ackopbarnepokcrzasa (AIIO) ta reasko-
niepokcuniaza (I'TIO). V niteparypi nepoKCHIa3Hy PEakiliro po3rJsia-
I0Th SIK BINOBIIb HAa IPOHMKHEHHS PU300iil y POCIMHHY KIITHHY
(Zhiznevskaya, 2001). BogHouac nepokcuiasi MOXXyTh HECTH JAOCTAT-
HBO iH(opMALl TPo (i3ioNOriYHMIA CTaH POCIHHH Ta CIIyTyBaTH KpH-
TepieM CTiiikocTi 10 Aii cTpecoBrux uiHHAKKIB (Matamoros et al., 2003).

Ienye tpu Bodopmu COJL (CuZn-COJ, Fe-CO/l i Mn-CO/l) y
POCITMHHIUX KJIITUHAX, SIKi BIAPI3HAIOTECS HASBHICTIO METAIy B AKTUB-
HOMy LIeHTpI eH3uMy. Bci BOHM BHSIBIIEH] B POCIIMHHHX (PpaKIisaxX KO-
peHeBux OyiB0040K 6060BUX pociH (Moran et al., 2003; Rubio et al.,
2004). Pizna noxkamizawist i3oem3umiB COJl y TKaHMHAX KOPEHEBHX
Oynp004oK 3ymoBTioe 1x crietmdivni ¢yHkil. 3okpema, CuZn-COJ]
HepeBakae B areKci OybO0u0K, 0COONHMBO B iHQEKIIHHIX HUTKAX, Y
LIATO30JT, PO3TAILIOBAHOMY MOpPAN i3 KITHHHAMH OOOJOHKaMH, Ta
aroruiacti. @yHkis CuZn-CO/] Moske OyTH 1OB’s13aHa 3 POCTOM KJTi-
THHHHX CTiHOK y MepucTeMaX, iH(EKIIHHIX HHUTKaX i aroIviacTi, a
TAaKOXK 13 BIIOBIIIIO POCIMH Ha OakrepianbHy iH(bekmiro. Mn-COJ
NPUCYTHI B iH(IKOBAaHMX KITHHAX KOpPEHEBUX OyibpOOdoK 1 Oepe
Y4acTh y MpOLecax, TIOB’sI3aHKX 13 3aXHCTOM 1 (DYHKI[OHYBaHHSIM CHM-
6i03y y 3pimix Oymnbboukax. Fe-COJI siokanizoBaHmii BUHATKOBO y CTPOMI
XJIOPOIUIACTIB, #10ro (yHKII{ MEHILI 33 Bce BUBYCHO Y OOOOBHX POCIIHH.
Baxrepoimn mictsare Mn-CO/] y mmro3omi ta CuZn-CO/l y neprmias-
MaTUYHOMY TIpocTopi. Lli eH3uMI KOIYIOTECS BiAIIOBITHAME OaKTepi-
ammpauMHE S0dA 1 s0dC reramu (Moran et al., 2003; Rubio et al., 2004).

ATIO — xmodoBHii (hpepMeHT acKOpOAT-TITYTaTiOHOBOTO IUKITY
yramizaiii H,O,, ocHoBa (yHKIIOHYBaHHS KOPEHEBUX OyJIH00UYOK
(Dalton et al., 1993). B in¢ixoBaHNX KITHHAX (GEPMEHT 3aXHILAE JIeT-
reMorio0iH Ta i Oitku Bix H,O,, Toal sK y mapeHximi KIiTHH
Oy/p004OK BiH Oepe yyacTh y CTBOpeHHI auby3iiHOro Gap’epy s
KHCHIO, KOHTPOJNIOKOYH TAKMM YMHOM HOrO HAJXODKCHHS B
iHpikoBaHy 30HY (Schmitz et al., 1997; Dalton et al., 1998).

V pocrmHHMX KIITHHAX icHye Tak 3Banuii [ kiac mepokenyas, ski
BHKOPHUCTOBYIOTH SIK CyOcTpaty noxinHi ¢enomms. 1lle ix HasuBaroth
HecneniTHAME Y1 KIACHYHUMU. BOHH MICTATBCS y BAKYOJISIX 1 1K~
TOIUIa3Mi, 3ATyUCHi JIO BEJIUKOI KUTBKOCTI MPOIIECIB Y POCIMHHKX KITi-
THHAX, 30KpeMa, JiirHidikari, oGnpoOKOBIHHs, KaTaboIi3My ayKCHHY,
3aXHMCTy OpoTH Al maroreHiB i okucHoro crpecy (Erofeeva, 2015;
Parsiavash et al., 2015). JTo xux BimHOCsTH i I'TIO.

BaxomBy pore y (opMyBaHHI 3aXFCHOI BIATIOBIAI POCIMH 32 il
CTPECOBHX YMHHHKIB OIOTHYHOI Ta abiOTUYHOI MPHUPOIM BiIirparoTh
niomiyHKIioHaBHI Oitkn — ditonekrray (Babosha, 2008; Hivrale &
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Ingale, 2013). JlekTrau 31aTHI 00OPOTHO Ta HECTICIU(IUHO 3B SI3YBATH
BYIVICBO/IHI 3JIMILIKH Pi3HOI XIMIYHOT IPUPOIH, 3aBIIIKH YOMY B32€EMO-
JHFOTH i3 IOBEPXHEBUMH BYTJICBOaMH OaKTepiaibHOI KIIITUHH ITijT Yac
yTBOpeHHs1 6000Bo-pr3obiasHOro cumobiody (Hoff et al., 2009; Kyry-
chenko, 2014). Pazom i3 1M, came JEKTUH-BYIJICBOAHA B3a€EMOISA
3a0e3reuye 3B’s13yBaHHA OAKTepiii i BUKIIMKAE HECYMICHY B3a€EMOIIIO
TIAPTHEPIB, IHyKYIOUH 3aXHCHI MEXaHI3MHU POCIIIH HA YPOKEHH [1aTO-
reroM (Chrispeels & Raikhel, 1991; Lehotzky et al., 2010).

®iszionorivHa Jist ISKTHHIB HE 0OMEKYETBCS JIUIIIE BIACTUBOCTSI-
MM JIEKTHHIB 3B’s13yBaTH ByTJIEBOIHI 3AJIMILIKH. 1X PO3MIAATE SIK CHI-
HaJTbHI MOJIEKYJIH, 3aTHi IHIyKYBaTH CKIIa/HHI JAHLFOT BHYTPIILIHIX
TIepeTBOpeHb Y KiliThHi Ta 1i Bianosias (Owens et al., 2001; Kyrychen-
ko, 2014). IlpumyckatoTs, MO XapakTepHa OCOONHBICTH CTPYKTYPH
PPOCIIMHHIX JIEKTUHIB — I1¢ HASBHICTH LIEHTPIB TiApo(oOHOro 38’S3yBaHHs,
10 BKa3y€ Ha HASBHICTh Y HUX CAMOCTIIHUX CATIB, sIKi BIIOBIIAIOTH
3a TizipooOHy B3AEMOZII0 3 MOJIEKYJaMU HEBYIJICBOJHOI IPHPOIIH,
BHACITIJIOK YOr0 BOHH MOXKYTh aKTHBHO BKITFOUATHCS B CHCTEMY FOPMO-
HAIBHOI PEryJILii MPOIEciB POCTY Ta po3BUTKY pocinH (Moreira et al.,
1991; Hoff et al., 2009). 3okpema, Marour [1Ba LICHTPU 3B’S3yBaHHSI,
JISKTUH OJIHHMM i3 HUX BHOIPKOBO B3a€MOE 3 KHUCIMMH 130hopMamit
TIEPOKCHAA3H, a APYTHM — i3 XITHHOM. Y BIANOBIAb Ha iH(IKYBaHHI
MaTOreHaMy B POCIIMHAX aKTUBYIOTHCS KHCHI 130)0pMH MEPOKCHAA3H
(aHioHHi), sIKi B KOMILIEKC] 3 JICKTHHOM BUKOHYIOTh 3aXHCHY (DYHKIIFO
(Hoff et al., 2009; Kyrychenko, 2014).

YuCIIeHHUMH JIOCITIDKCHHSIMH TTIOKA3aHO, 110 38 BUKOPUCTAHHS €K-
30reHHOI OOpOOKH JIeKTHHAMH (TIEPEIOCiBHA 00pOOKa HACIHHS 9i
O0ONPUCKYBaHHs POCIMH ITiCIIs BEreTarlii) 3MiHIOIOTHCS] POCTOBI MPOLIECH
Ta Metabosti3m pocuH (Owens et al., 2001), azordikcyBaabHIX MIKpO-
opranizmiB (Kyrychenko, 2014), ¢itonarorennnx rpu6is (Hoff et al.,
2009), ingyKyeTsest (JOPMYBaHHS 3aXHCHUX PEAKIid POCIHH HA IO
crpecoBrx YMHHUKIB (Babosha, 2008). Sk BBaxkae Kyrychenko (2014),
1L[¢ PO3KPUBAE IEPCHEKTHBHICTh MPAKTHYHOIO BHKOPHCTAHHS TaKHMX
OUIKIB SIK IIPUPOJTHHX PEryJIITOPIB POCTY.

V 3B’13Ky 3 BHIIECBKa3aHUM METa HAIOi PoOOTH — JOCTIIUTH
3minn axtuBHocTi AITO Ta I'TIO B pi3HMX opraHax pociuH coi 3a
00pOOKYM HaCiHHS PHU300isIMH, HKYOOBAaHHMH 3 JICKTHHOM CIIUIBHO 3
Gynrimpnamy. Le 103BoNMTE 3°5CyBaTH JOAATKOBI ACTEKTH PO LbO-
ro Oi1ka y (hOpMyBaHHI 3aXMCHHX PEAaKUild CHMOIOTHYHIX CHCTEM 3a

YYaCTIO CHONYK 13 (DYHTILIMTHOKO TT€ETO.
Martepian i MeToIU 10CTIIKEHD

O0’€KTH JOCITDKEHHS — CUMOIOTIYHI CHCTEMH, YTBOpEHI 3a y4a-
ctto coi (Glycine max (L.) Merr.) copty Anma3 i B. japonicum (turam-
cranmapt 6346), iHkyOoBaHi 3 JleKTHHOM. SIK POTpPyrOBayi HAaCiHHs COl
BUKOPHCTAIH Tipenapaty 3 (yHrimmHoo aktuBHICTIO DeBep (Bayer
CropScience AG, Himeuunna), Makcum XL (Syngenta, I1Ieiitiapis),
Cranpnak Tor (BASF, Hiveuunna). KyibsTypy HoBUTBHOPOCTHX OyITb-
00uKOBHX OaKTepiii BUPOIIyBaIM HA TBEPIOMY MaHITHO-IPDKIDKOBO-
My CepeoBHIIIi mpoTsiroM 7 116 3a 26-28 °C.

Tlepen mociBom HaciHHs crepuizyBami 70% PO3UMHOM E€TAHOITY
Ta MPOMHUBATM IPOTOYHOKO BOIOO. [loTiM HaciHHs coi 0OpoOIsIH
pozunHamu ¢yrinuaiB — Makeum XL 035 PS (durymiokconin, 25 1/,
metarnaxcrn, 10 1/m), ®eBep (mpotiokonason, 300 r/m), Crangak Tom
(chirpomnin, 250 r/m, TiodanaT-MeTw1, 225 T/71, MipakIocTpoOiH, 25 1/1)
I3 PO3paxyHKy OJIHi€] HOPMH BHTpAT iF0Y0] PEYOBHUHU KO>KHOTO TIpe-
TIapary, BKasaHoi BUpoOHHKoM. OIHy JacTHHY 00po0IeHOro (yHriim-
JIAMM HACiHHs 1HOKYJIIOBAJIM YMCTOIO KYJIBTYPOIO CyCHeH3ii pr300ii
TIPOTSITOM  OJIHIET TOAMHYM (THTP KOHIGHTpalii CycreH3ii CTaHOBHB
10% xr./vo). Trmry wacTiEy 0GpPOGIEHOrO (yHIILMIAMM HACIHHS iHO-
KyJIFOBAJIA CYCIIEH3IEI0 pr300il, sika TornepeaHso Oysa iHKyOoBaHa 3
PO3YMHOM KOMEpILIHHOTO JIEKTHHY coi («JIextrHOTECT, M. JIBBIB) Y
xoHueHTparii 100 Mxr/mit. TpuBaiticTs iHKyOarIii 3 TEKTHHOM CTaHOBH-
J1a 20 rozuH 3a Temmeparypu 28 °C.

Pocrman BuponyBam y 4-KiIorpaMOBHX HOCYAMHAX Y THINAHIN
KyJIBTYpI i3 BHECEHHsIM NMOXKMBHOI cymim ['enbpirens 3 0,25 Hopmu
a30Ty 3a TIPUPOHOTO OCBITJICHHS Ta ONTHMAIBHOTO BO03a0e3MeUeH-
1 (70% Bix noBHOI BosioroemHocti). Kontponem ciryryBas BapiaHT 3
IHOKYJISILIEI0 HACIHHS PU300isIMU O3 BHKOPUCTAHHS JICKTHHY Ta 0e3

00poOku (yHrimmmamu. A30TQiKCyBaIbHy akTHBHICTE (ADA) BU3HA-
yanmu aretwieHoBuM MetonioM (Hardy, 1968) Ha rasopomy xpomaro-
rpadi «Agilent GC system 6850» (CILIA) 3 mosrymeHeBo-ioHi3aLiiHIM
JerextopoM. Posinerss rasiB npoBomwi Ha konoHi (Supelco Pora-
pak N) 3a Temmeparypu Tepmoctara 55 °C i merekropa — 150 °C.
T'a3om-Hociem OyB remiii (20 Mv/xB). OO’ eM aHAT30BaHOT POOH Ta30BO1
CyMilll CTaHOBHB 1 o’ Sk CTaH/APT BUKOPUCTOBYBAIN YHCTHI €TWICH
(Sigma-Aldrich, Ne 536164, CILIA). HapocTanHs BereTaTiBHOI Macu
POCIIMH KOHTPOJTIOBAIIA BArOBMM METO/IOM. BHUMIiprOBaHH: MOKa3HUKIB
A®DA, Ha3eMHOT MacH Ta MacH KOPEHsI MPOBOMIUTN Y 6-pasoBiii mo-
BTOPHOCTI.

JUist OTpUMaHHS! €H3MMHOTO €KCTPAKTY HAaB&KKY POCIIMHHOIO Ma-
tepiany (0,2 T) po3tupanu y crymi 3 4 it oxonomkeroro 50 MM ¢oc-
(hatHoTO Oydepy (pH 7,5), sxuii MicTiB 2 MM eTHIEHAIaMIHTETPAOLI-
toBy kuciory (EATA), 1 MM denimveriwicymshoniidropun, 5 MM
[-mepkarrroetanon i 1% (B/0) nmomiBiHUMIIpONMinoH. ['oMorenar nes-
Tpudyrysam 3a 10 000 06./x8 nporsirom 20 xB 3a 4 °C. CynepHaraHt
BHKOPHCTOBYBAIM JUIsl BU3HAYCHHSI aKTUBHOCTI €H3MMIB 32 JIOTIOMO-
roro criektpootomerpa «Smart Spec Plusy (CILIA).

AxtuBHicTs AITO (K@ 1.11.1.11) BU3HaYaHM 38 3MEHIIICHHSIM OI1-
THYHOI TYCTUHH 32 JOBKUHHU XBIT 290 HM MPOTSTOM XBIUIMHH Y pe-
3yJIBTATi OKHCHEHHs ackopoaty (€ = 2,8 MM 'em ™) (Nakano & Asada,
1981). Peakmiiina cymim mictwia 50 MM kamiid-pocharamii Oydep
(pH 7,0), 0,1 MM EZITA, 0,2 MM ackop6ar, 0,1 MM H,0O,. Peakiiito
iHilifoBaIM nozaBaHsiM 150 MK cymepHaranta. AxktuBHicTh [TIO
(K 1.11.1.7) — 32 30UIBLIEHHSM ONTUYHOL TYCTHHH 3a 470 HM HpOTS-
TOM XBHITHHH Y Pe3yJIBTaTi OKHCHEHHS TBAAKOMY (¢ = 26,6 MM 'eM ™)
(Egley et al., 1983). Peakuiiina cymim mictuna S0 MM kamiii-pocdar-
nuit 6ydep (pH 7,0), 0,1 MM EITA, 0,5% raaskon, 10 MM H,O,.
Peaxatiro iHimiroBaim nogasaHasM 50 MKIT CyniepHaTaHTa. AKTHBHICTh
COJI, (K® 1.15.1.1) Bu3Havami 3a 37aTHICTIO €H3UMY iHriOyBaTH (ho-
TOXIMIYHE BITHOBJICHHS HITPOCHHBOrO Terpasonito (Raychauhuri &
Deng, 2000). Peakmiiina cymimn mictiia S0 MM docdatauii Oydep
(pH 7.8), 13 MM wmerioHiH, 2 MKM prdoduasit, 63 MKM p-HiTpocHHIN
terpasomiid, 0,1 MM EJITA i 100 MK1 (pepMEHTHOTO EKCTPAKTYy.
Peakuiss TpuBama mporTsroM 15 XBWIMH 3a IHTEHCHBHOCTI CBITIIa
70 MKMOJTb KBAHTIB/(M’ * C) OCBITIEHHS (ITyOPECIICHTHAMH JTAMITAME
noty>xHictio 15 Br. OnTirHy TycTiHy BiMiproBami 32 560 amM. Bmict
3aralbHOrO0 PO3YMHHOTO MPOTEIHY Y (pepMEHTHOMY EKCTpPaKTi BH3HA-
vamm 3a Bradford (1976). AxrvBHicTb (pepMeHTIB BU3HaYamM y 4-Kpat-
Hilf moBropHOCTL. OfepykaHi naHi 0OpoOIeH! CTATUCTHYHO, 3HAYCHHS
P < 0,05 posrsinani sik Kputepiii 3HadyInocTi pisHuUI. Y Tabmmpix 1-4 i
Ha pHUCYHKax 1-4 HaBEICHO CepenHi apu(METHUHI 3HAYCHHS Ta iX
cranzaprHi oxuoku (SE).

Pesyabratn

[HOKyIALIIsT HACIHHS COi PHU300isAMH, IHKYOOBAHUMU 3 JICKTHHOM,
CIpYsIIA TTABHINCHHFO e()eKTUBHOCTI CMOIOTIYHOTO arapary. Le mpo-
SIBISUIOCH Y cTAMYJIsiiil ADA kopeHeBUx OyITh00UOK, ska 3pocTana 3a
i extrHy Ha 20% TOPIBHSHO 3 KOHTPOJIeM Y (ha3y TphOX CIIpaBiKHIX
JIMCTKIB Ta MacoBoro LBiTiHHs (puc. 1). Pazom i3 Tim, y dazy OyTtomiza-
1l He 3adikcoBano icroTHOI pizHu ADA MK BapiaHTaMH 3 BUKOPHC-
TaHHSM JIEKTHHY Ta 0e3 foro yJacri.

O6poOka HaciHHS coi (yHTIMIAMH TO-Pi3HOMY BIUIMBAJIAa HA
Tporiecy (DYHKIIOHYBaHHS CHMOIOTHYHOIO arapara B pociiiH Ha (oHi
Oaxrepm3antii pr3odisiMu. Cepell YCiX JOCHIPKYBaHUX TIperiapaTiB i3
(YHTIIMTHOO aKTHBHICTIO Y BapiaHTi 3 00pOOKOI0 HaCiHHS (yHIiIw-
noM Cranzak Tor 3adikcoBaHe Halibubie nprrHiueHHs ADA Kkope-
HeBHX OyJIHOOYOK, 0COONMMBO y (ha3y TPhOX CHPABKHIX JIMCTKIB (Ha
60% MOpIBHSHO 3 KOHTPOJIBHUMH POCIIHHAMH, PHC. ).

INepenrociera 00pobka HaciHust QyrrimuaamMu ®esep i Makcrm
XL mposiBiIsiia MEHIIy TOKCHYHY Jiito Ha ADA kopeHeBHX OyI5004OK.
VY dazy Tprox CIIpaBKHIX JIMCTKIB y BapiaHTaxX 3 00pOOKOIO IIFMH TIpe-
TIapaTaMy CriocTepiraay HesHauHe HiBHIneHHs ADA, TIOKa3HHKY KO
Y HacTymHi (a3l OHTOreHE3y JCIIO 3HWKYBATUCH TIOPIBHSHO 3 KOH-
TpoBHUM BapianToM (3a 1ii Makcnmy XL), aGo Oy B Mexkax Hoxuo-
ki nociiny (3a aii desepy). OOpoOka HACIHHS COI TOCIIDKYBAHIMU
(ynrinpnamu Ha o Gakrepizaii B. japonicum, iHKyOOBaHHX i3 JeK-
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THHOM, BUK/IMKAJIA TPUTHIYCHHS ePEKTHBHOCTI POOOTH CHMOIOTHIHOIO
arapary, Tpo IO CBITYUThH CYTTEBE 3HIDKCHHS MPOIIECIB a30Tdikcartii
KOpeHeBHX Oys150040K MOPIBHSHO 3 POCIIMHAMH KOHTPOJIBHOTO BapiaH-
Ta (puc. 1). 3okpema, y BapiaHTi 3 06pobkoro Hacinus Crannak Torom
1 pr300isMH, 1HKyOOBAHUMH 3 JIGKTHHOM, BUSIBIICHE HAlOUIbIIE 3HH-
xeHHst ADA (1o 70%) xopeHeBHX OyIE00YOK YIPOIOBK OHTOTEHE3Y.

Bomrouac, 006potrieHHs HaciHHs coi pyrrirmnamu deep i Makcum XL
CITUTHHO 3 IHOKYJIAINED PU300ISIMH, IHKYOOBAHHMU 3 JICKTHHOM, YHHY-
Jla MEHII BUPKCHUH TOKCHYHMI BIUIMB HAa CUMOIOTHYHMI amapar.
V hasu Tppox crpaBkHiX JUCTKIB 1 OyToHi3awii ADA KopeHeBUX Oyiib-
GOtOK 3HIDKyBa/Iach TIOPIBHSHO 3 KoHTporeM (Ha 40% — Desep ta 47% —
Maxcnm, Tozi SIK y (ha3y IBITIHHS — Ha 25% 127%, BiIOBIAHO).
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®a3za OHTOT'€HE3Y

Puc. 1. BB 06poOku HaciHzs coi B. japonicum 6346, iHKyOOBaHHMH 3 JISKTHHOM, CIIUIBHO i3 (yHTILIAaMH Ha a30TdiKCYBaIbHY aKTUBHICTH
(ADA) xopeHeBHX OyIH004OK Yy (hazy TproX cripaBkHiX JucTKiB (1), OyTonizaii (II) Ta Macooro mgitinas (III) (n= 6, x + SE):
TyT i Ha prc. 2-4: [ — pu300ii (KOHTPOIB), 2 — (pr300ii + JIeKTHH);, 3 — pu300ii + Makcnm XL, 4 — (pr300ii + nexrwH); + Makcum XL,
5 —pm3o6ii + Desep, 6 — (pu300ii + nexTin); + Pepep, 7 — pr306ii + Cranmak Torm, 8 — (pu306ii + nekTun); + Crangax Torr;
; — IHKyOartist KoMroHeHTiB rpotsrom 20 roxuH 3a 28 °C; naHi MOPIBHIHO 3 KOHTPOeM BiporiaHi 3a * — P < 0,05, ** — P < 0,01, *** —P < (0,001

'V pocitiH, HaCIHHSI SIKHMX Ti/iIaBaIi 00poOI (YHTIIMIaMH Ta iHO-
KyJTIOBAIU CYCIICH3I€r0 pr300ii, IHKYOOBAHHX i3 JICKTUHOM, BiIOYJIOCH
TPUTHIYEHHST POCTOBHX MPOLIECIB Y (ha3u TPHOX CIPABIKHIX JIMCTKIB 1
Oytonizaril (tadn. 1). Y ¢asy usiTiHHs Takuii eheKT BIUTMBY KOMILICK-
CHOI 0OpOOKH Bke OyB HE TaK CHJIBHO BUpaKeHHMH. HaiOinbiny Tok-
CHYHY JTif0 Ha HAPOCTaHHS HAZ3EMHOI MACH Ta MacH KOPEHEBOI CHCTe-
MM YHMHUB TOAIOHMI KOMITIEKC 13 mpoTpyiiHnkoM Crannak Tom. Y da-
3y TPHOX CIIPaBXKHIX JIICTKIB IIi MOKA3HUKH Oy HipkauMu 110 40%
BiJI KOHTPOJIIO, a Y (asy OyToHizarii — 10 30%. [ToeqHanus nomioHoro
KOMIUICKCY 3 (yHriimaoM MakciM BUKIIMKATIO 3HIDKEHHS KOPECHEBOT
MacH pociH coi Ha 29% MOpPIBHAHO 3 KOHTPOIBHUMH POCIHHAMU Y
(asy TppOX CHpaBKHIX JHUCTKIB. Y (hasy OyToHi3aLlii POCIIMHH LHOTO

Taoms 1

BapiaHTa JIOCIIiTy XapaKTepU3yBaIHCh HIKIOK MacOFO SIK HAJ3EMHHX
opraxiB (Ha 12%), Tak i kopeHeBoi cuctemu (Ha 16% MOPIBHSIHO 3 KOH-
Tposiem). JInme komOGiHartist 06poOky HaciHHst DeBepOM CITUIBHO 3 pU-
300istMH, IHKyOOBaHMMH 3 JISKTHHOM, HE BIUTHBAJIA Ha JOCITi/DKYBaHUI
TIOKA3HKK. Y BapiaHTax J0ciiqy 0e3 BUKOPHCTAHHs JICKTHHY He 3a]ik-
COBaHO MOZIOHOrO iHTiOYBaEHOTO €eKTy Bif IOCTIHKYBAHUX (yHTI-
IWJIiB HA POCTOBI HapaMeTpy pociuH (tadi. 1). IHokymwswis coi puso-
Olstvy1, 1HKyOOBaHMMH 3 JIEKTHHOM, 1HIyKyBasa pi3Ky HTEHCH(IKAIIO
axtuBHOcTi COJ] y KopeHeBHX Oynp00ukax y ¢asy TpboX CIpaBKHIX
JIACTKIB, MaibKe y/IBiUi MOPIBHSIHO 3 KOHTpoieM (tatm. 2). Y dazy
MacOBOIO IIBITIHHSI aKTUBHICTh (PEPMEHTY HE CYTTEBO 3pOCTaIa, OJIHAK
Oy1a Ha 23% BHILIOKO 32 PiBEHb KOHTPOJIBHIX POCIIHH.

B 06po0ku HaciHH coi B. japonicum 6340, iHKyOOBaHUMH 3 JIEKTUHOM, CITUTHHO 3 (DYHTILAIAMH,

Ha HapOCTaHH: BETETATUBHOI MACH POCIHH (I/pociuHy, n = 6, X £ SE)

®Daza oHTOTeHE3y
Bapiant TPBOX CIPABKHIX JINCTKIB OyToHizawii MACOBOTO IBITIHHS

Ha/[3eMHA Maca Maca KOpeHsI Ha/[3eMHa Maca Maca KOpeHst Ha/3eMHA Maca Maca KOpeHst
pu300ii (KOHTPOJIB) 3,52+0.21 2,71+0,18 3,63+£0.25 2,71+0.21 4,80+0.28 2,50+0,18
(pr306ii + meKTHH); 3,87+£0,30* 2,58 +0,20* 3,91+022% 3,55+0,14%* 5,70+ 0,36* 4,07 +£0,33%**
pu300ii + Depep 3,52+0,14 2,46+0,22% 3,60+0,28 348+0,27** 5,54+0,22% 3,53+0,29%*
pu3o0ii + Maxcum XL 3,49+033 2,60+0,19* 448 +£0,33%* 3,30+ 0,27%* 4,70+0,16 4,66+ 0,20%**
pu306ii + Cranzak Tor 3,11£0,17* 2,11 +0,17*%* 330+0,14* 3,06+ 0,28** 493+0,13 3,19£0,29**
(pu306ii + nextrn); + Depep 3,41+£0.27 2,26+0,18** 3,43+0,19% 2,40+0,23* 4,83+0,23 3,10+ 0,21%*
(pu300ii + nexriH); + Makenm XL 3,18+0,17* 1,94 +0,08** 320+0,12* 2,28+0,18* 5,15+0,29* 2,68+0,25
(pu306ii + nektrn); + Cranzak Torn 2,25 +(22%** 1,71 £0,09%** 246+0,19%** 225+0,19* 4,24+0,32* 224+0,11*

Tpumimka: TyT 1B TAON. 24 ;— IHKyOarist KOMIIOHeHTiB rpoTsirom 20 rofuH 3a 28 °C; 1aHi OPIBHSHO 3 KOHTporieM BiporimHi 3a * —P < 0,05, ¥* —P < 0,01, ***—P <0,001.

O6pobKa HACIHHSI €Oi (hyHTIMAAMI CTIUTBHO 3 PH3001SIMU CIPHYH-
msyia miBrmeHns aktiBHocTi COJl y kopeHeBux Oyimb0oUKkax y dasy
TPHOX CIPABXKHIX JIICTKIB. 3a TAKUX YMOB OOPOOKH aKTHBHICTH (hep-
MEHTY HE CYTTEBO 3pocTania y (hasy MacoBoro IBiTiHHs. [lomioHy TeH-
netiro 3miad aktrBHOCTI COJl 'y KopeHeBrx Oynp0ouKax 3adikcoBa-
HO 32 KOMIUIEKCHOI 0OpOOKH HACiHHA (yHIilMIaMU CHLIBHO 3 PU30-
Oisive, iHKyOOBaHnME 3 JiekTiHOM. [{uHamika axtuBHocti COJl 3a
KOMITIEKCHOI 0OpOOKM HACiHHS XapakTepHh3yBallach CyTTEBUM 3pOC-
TaHHSAM Y a3y TPHOX CHPABKHIX JIICTKIB 1 He3HAYHUM Y (hazy MacoBo-
TO IIBITIHHS, HE3AICKHO BiJl XapaKTepy MIF0U0l PeUOBUHH (DYHTIIITY
Ta IX CIIUTBHOTO BIUTUBY 3 pU3001sIMH, IHKyOOBAHUMH 3 JIEKTHHOM.

IHOKYALIIs cOi Pr300IAMI, IHKYOOBAHUMH 3 JIGKTHHOM, CIIPHY-
HsUIa miBrnieHnst aktueHocTi ATIO B kopeHeBHX Oyib00uKax, IOpiB-
HSHO 3 KOHTpOJIEM Yy (ha3sél TPhOX CIIPABKHIX JIICTKIB 1 MacoBOTO
1giTiHES (Tabm. 3). Tlpu mpoMy MU He 3adiKCyBaId CYTTEBHX 3MiH
axtuBHocTi [ TIO (y Mexax moxuOku ocriy) (Taomn. 4).

O6poOKa HaciHHs col npenaparamu 3 QyHIILIAHOIO i€t Ha (oHi
Gakrepi3alii pu300isvu iHIyKyBana miBuiieHHs akTiuBHOCTI ATIO T2
piske npurHiveHHs aktuBHOCTI [ TIO y xopeHeBrx Oyap004YKax mopiB-
HSHO 3 KOHTPOJIBHUMH POCIIMHAMH Yy (hasy TPhOX CHPaB)KHIX JICTKIB
(tabum. 3, 4). Y a3y MacoBoro LBiTiHHS, BiiOyBanach iHTEHCH(IKALLis
axtuBHOCTI AT1O Ta HaOmmkeHHs piBast akTUBHOCTI [ TIO 110 KOHTpOITEO.
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Tabmmus 2

B 06po0ku HaciHHS coi B. japonicum 6340,
IHKYOOBAHOT'0 3 JISKTHHOM, CITUIBHO 13 (yHTILHIaMH,

Ha aKTHBHICTB cynepokcuamemyTasu (CO/)

y KOpeHeBHX Oynp00ouKax (oz. a./mr Ouika, n =4, x + SE)

Bapiarr (Da3& OHTOT'€HE3Y _
TPH CIIPAB)KHI JIMCTKH  MACOBOTO LBITIHHS

Ppu300ii (KOHTPOJIB) 243+12 204+1.2
(pH300ii + NeKTHH); 46,5 £3,1%*+* 251 £1,5%
pu300ii + Desep 4322 6%* 23.8+£14*
p306ii + Makcum XL 40,4 +3,6%** 233+£14*
pu306ii + Craniak Tom 355+1,5%* 26,9+ 1,6%
(pu306ii + mexTun); + Depep 333 +1,6%* 229+ 14*
(pu306ii + nextun); + Makcim XL 38,8+ 3,8%* 245+ 1,5*
(pu306ii + nextrH); + Crangak Ton 33,94£2,5%* 23,1+ 14*

Tabmas 3

BB 06poOku HaciHHsI coi B. japonicum 6346,

IHKyOOBAHOT'O 3 JISKTHHOM, CITUIBHO i3 (DyHTIIIIaMy,

Ha aKTUBHICTb ackopOarmepokcuasu (AI1O)

y KOpeHeBHX Oy/b00uKax (MKMOJIb ackopOaTy/Mr OUIka - XB, n =4, X + SE)

. ®daza oHTOreHE3y
Bapiant - —
TPV CIIPAB)KHI JIMCTKA  MACOBOTO [BITIHHS
Ppu300ii (KOHTPOJTB) 0,038 0,009 0,096+0,018 .
(p¥300ii + eKTHH); 0,091 £0,020%** 0,155+ 0,018**.
pUB0Gii + DeBep 0,114£0,006%* 0,191 £0,016***
pu306ii + Makcrm XL 0,115+0,014*** (0,140 0,022%* .
pu306ii + Cranmak Tor 0,217 £0,020%** 0,356 + 0,040%**
(pu306i + nextun); + OeBep 0,039 £ 0,006 0,261 £0,030%**
(pu306ii + nexrun); + Makcnm XL 0,089+ 0,012%** 0,194 +0,016%**
(pu306ii + nektrn); + Cranak Ton 0,108+ 0,011*** 0,260 +0,030***

Taommus 4

B 06po0ku HaciHHS coi B. japonicum 6340,

IHKyOOBAHOTO 3 JISKTHHOM, CIIUTBHO 3 (pyHTIIMIaMH,
Ha akTUBHICTh rBasikonmepokcuasd ([ TIO) y kopeHeBHX OyIIb009Kax
(MKMOJIb TBaSIKOJTY/MT" OUIKa - XB, n =4, X + SE)

Bapiau CDa3a OHTOTCHE3Y _
TPH CHPABXKHi JIACTKA MACOBOTO IBITIHHSI
Ppr300il (KOHTPOIIb) 0,145+0,011 0,283 +£0,027.
(pu306ii + meKTHH); 0,162 +0,010* 0,204 +0,014*
pu300ii + desep 0,078 +0,018** 0,225+0,007*
pu306ii + Makenm XL 0,046 +0,008*** 0,173 +0,013**
pu306ii + Cranmak Tor 0,041 +0,008*** 0,266+ 0,030*
(pu306ii + nextun); + Depep 0,151 +0,010% 0,176 £0,016%*
(pu306ii + nexrun); + Makcnm XL 0,268 £0,011*** 0,173 +0,014**
(pu306ii + nektun); + Cranak Ton 0,072 +£0,013** 0,177 +£0,020**

O6pobka HacinHs coi ¢yHrrimmamu Makeum XL i Cranmak Tom
CITUTBHO 3 PU300isIMH, IHKYOOBaHUMH 3 JICKTHHOM, CIIPHYMHIIIA TTi/IBH-
meHHs aktuBHOCTi AITO B kopeHeBuX OyspOoukax y (asy Tpbox
CIIpaBKHiX JIMCTKIB (Tabn. 3). V BapiaHTi 3 mogiOHOIO 06pOOKOIO 32
BUKOpHCTaHHs (yHrimmny DeBep akTHBHICTH hepMEHTY B KOPEHEBUX
OynmpOouKax coi mepeOyBaia Ha PiBHI KOHTPOIBHHUX POCTMH. Y (azy
MAacoBOTO IIBITIHHS HOro aKTHBHICTH 3pOCTalia B YCIX BapiaHTax 3 00-
POOKOIO HACIHHS JOCIIPKYBAaHUMH (DyHTIIWIAMH Ta IHOKYJISIIIEIO
B. japonicum, iHKyOOBaHUMH 3 JIEKTHHOM.

O6pobka HaciHHs col pHU300isMY, IHKyOOBaHMMH 3 JISKTUHOM, Y
KoMILIeKci 3 ¢yHrirmaoM Makcum XL CipruMHsUTa TiIBUILCHHS aK-
tuBHocTi I'TIO B KopeHeBux OynbOoukax y asdy TpboX CIpaBkKHIX
JIHCTKIB (Tabm. 4). 3a TaKMX YMOB BUPOILLYBAaHHSI POCJIMH Ta BUKOPHC-
TaHHs 00poOKH HaciHHsA (yHrimumom DeBep aKTHBHICTE (epMeHTY
Oyna Ha piBHI KOHTPOJIBHHUX POCIHH, Tofi 5K 3a aii Ctanmak Tomy —
3HIDKyBaIach. Y (ha3y MacoBOTO LBITIHHS B yCiX BapiaHTax 3 00po0-
KOIO HACIHHS JIOCIT/DKyBaHMMHU (DYHTIIMIAMH CIUTBHO 3 pr3o0isMu,
IHKYOOBaHHUMH i3 JICKTHHOM, akTUBHICTh ['TIO y KopeHeBrx 0yip004-
Kax 3HIDKYBaIaCh.

3a HOKYJIILI{T HACIHHS COl pr300isMH, IHKYOOBaHHUMH 3 JISKTHHOM,
axtuBHicTh COJl y Kopersix 3pocraia y a3y TphOX CIpaBKHIX JIHCT-
KiB 1 jocsrana piBHS KOHPOJIBHHX POCIMH Y (ha3y MacOBOTO IBITIHHA
(puc. 2). O6pobka HACIHHS COi (hyHTIIMAAME CIIUTBHO 3 THOKYJIAIHEO

B. japonicum BUKIMKAA TiBUIICHHS aKTUBHOCTI (pepMEHTY B KOpe-
HSIX TTOPIBHSIHO 3 KOHTPOJeM y (ha3y TpHOX CIIPaBKHIiX JIMCTKIB 3a il
Maxcumy (Ha 97%) ta Pepepy (Ha 20%), ofHAK 10 3HIKEHHS HOro
aktuBHocTi 3a 1iii Crannax Tory Ha 23%. ¥ a3y MacoBOro LBITiHHSI
3a TAaKUX YMOB OOpOOKHM HACIHHS aKTUBHICTH (PEPMEHTY B KOPEHSIX COL
3HIDKyBaIach, 0cOOMIBO pi3ko 3a Aii Cranmak Tory (Ha 42%), PeBepy
(12 35%), Ta He3HAuHO 3a Aii Makcumy (Ha 15%) (puc. 2).
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Puc. 2. Brums 00poOku HaciHHs coi B. japonicum 6340,
THKyOOBaHWMH 3 JIEKTHHOM, CIIUIBHO i3 DyHTIIIaMN, Ha aKTUBHICTD
cynepokcumiriemytasu (CO) y kopensix (4) i muctkax (b) y dazy
TPBOX CIIPABXKHIX JCTKIB (/) i MacoBoro msitiHms (I/): n=4,x+ SE

BuHKOpUCTaHHS JIEKTHHY SIK KOMIIOHEHTa iHOKYJIAILHOI CyCIIeH3il
CIIUIBHO 3 OOpOOKOIO HACIHHA COi (yHrilMIaMH iHIYKyBaJIo ITi/IBH-
tiennst aktuBHocTi COJJ y Kopersix pociuH y a3y TphoX CIPaBKHIX
JUCTKIB 3a 1iii MakeuMy (Ha 55%) Ta He BUKJIMKna CYTTEBHX 3MiH
aKTUBHOCTI (pepMeHTy MOpIBHSHO 3 KoHTposieM 3a il desepy Ta Cran-
nax Tomy. Y a3y macoBoro mpitiHHS TeHneHmis aktuBHocTi COJL
3aJIMIIANIach Maibke Ha TAKOMY K PiBHI, SIK Yy (asy TPhOX CIIPaBKHIX
JIACTKIB, TIOPIBHSHO 3 KOHPOJILHAMU POCITHHAML.

[HOKyIALIIsT HACIHHS COi PHU300isAMHE, IHKYOOBAHUMU 3 JICKTHHOM,
BHKIIMK&JIa He3HAuHe 3HIDKeHHs akTuBHOCTI COJ] y ymicTkax y dasy
TPBOX CHPABKHIX JIMCTKIB Ta HAOMKCHHSI PIBHS aKTHBHOCTI (hepMEH-
Ty J10 KOHTPOJILHOTO Y (ha3y MacoBOro LBITiHHs (pHC. 2).

Buxopucransst 00poOku HaciHHs coi QyHIiLMIaMH CIIUIBHO 3 iHO-
KyJIALIEI0 PU300ISIMA CIPHYMHSIIO HE3HAYHE ITiIBHIICHHS aKTUBHOCTI
(epmenTy B jmcTKax 3a Aii Maxcumy (Ha 18%), 3HIDKEHHS HOro ak-
THBHOCTI 32 11ii DeBepy (Ha 18%) Ta, ocodmBo, 3a aii Crangak Tomy
(12 39%), IOPIBHSHO 3 KOHTPOJEM Yy (ha3y TphOX CIPaBXKHIX JIUCTKIB.
Bomsouac y ¢azy macosoro 1pitinas aktusHicts COJ] y mmeTkax He
CYTTEBO BIIPI3HAIACK BiJl KOHPOITFO 32 00poOku Makcumom i desepom
13HIKyBanack 3a Aii Crannak Tomy.

KomruiekcHa 06poOka HaciHHs col QyHrilmaM i pu300ismy, iHKy-
OOBaHMMH 3 JIEKTUHOM, CTIpHYHMHSTA miBuieHHs aktueHocti COLl y
JIMCTKaxX y BapiaHTi 3 MaxcuMoM (10 50%), 3HIDKEHHS — 32 BUKOPHC-
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Taunst Crannax Tory (1o 32%) i He3HAYHMX 3MiH ITOPIBHSHO 3 KOHTPO-
nieM y BapianTi 3 @eBepoM y (asy TphOX CIPaBKHIX JUCTKIB. Y (asy
MAcOBOTO IIBITIHHS MOJIOHMIT KOMILUTEKC 0OpOOKH 32 BUKOPHUCTAaHHS
Ppr300ii, iHKyOOBaHHX i3 IGKTUHOM, CHPHYMHUB 3HIDKCHHST aKTHBHOCTI
COJl, y muetkax 3a aii Crangak Tomy (mo 20%) 1 BincyTHICTE moMiT-
HHX 3MiH aKTUBHOCTI (pepMeHTy 3a 1ii Makcimy Ta Deepy.

O06po0OKka HaciHHsI COi PH300ISMY, IHKyOOBAHUMH 3 JICKTUHOM, HE
BUKIIMKaJIA CYyTTEBUX 3MiH akTUBHOCTI AITO B KOPEHSIX TOpIBHSHO 3
KOHTPOJIbHIMH pocimHamu (puc. 3). BomHouac akTBHICTE (hepMeHTy
B JICTKAX 32 JIil JISKTUHY 3pocTajia y a3y TphOX CIPaBKHIX JIUCTKIB i
Oy1a Ha piBHI KOHTPOITIO Y (ha3y MacoBOTO LIBITIHHS.

V cuMOIOTHYHIX CHCTeMaX, YTBOPEHHX 32 YYacTIO COi, IHOKYJIbO-
BaHOI B. japonicum, Ta 3a 00poOKY HACIHHSI (DYHTIIFIAMH, CIIOCTEpIra-
T TiIBUIICHHST aKTHBHOCTI (D)epPMEHTY B KOPEHSX 32 BHKOPUCTaHHS
Maxcimy XL 1 3HIKEHHS Horo akTiBHOCTI 32 il depepy Ta Crannak
Tomy y a3y Tppox cripaxHiX JMCTKIB (prc. 3). Peakuis AITO B muct-
Kax Ha 00poOKy MPOTHJICHKHA 0 3MIHM il aKTHBHOCTI B KOPEHSIX: 3pO-
crasa 3a Bukoprcrannsi ®esepy Ta Cranpak Tory Ta 3HWKyBanach y
BapianTi 3 Makcumom XL. V a3y MacoBoro IBITiHHSI PiBeHb aKTHB-
HOCTI (hepMEHTY B KOPEHSIX JIEIIO 3pocTaB abo OyB y MeKax MOXHOKH
JOCTIi/Ty, TOAL SIK HOro aKTWBHICTh Y JIMCTKAaX 3HIDKYBaJIach y BCIX
JIOCIT/DKYBaHIX CUMOIOTUYHHX CHCTeMax. BHHATOK — BapiaHT i3 00-
pobkoro Qymrimmnom deBep: aKTUBHICTH ()EPMEHTY 3HIDKYBAIACH y
KOPEHSIX 1 JINCTKAX TOPIBHSHO 3 KOHTPOJIBHIMH POCIHHAMH.
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Puc. 3. Brums 06po0ku HaciHHs coi B. japonicum 6346,
iHKYOOBAHHMMH 3 JICKTHHOM, CITUIHHO 3 (YHTIIMIaMH, HA AKTUBHICTh
ATIO y xopensix (4) 1 mictkax (b) y hasy TpboX CIpaBKHiX JIMCTKIB (/)
Ta MacoBoro 1iTiHHs ([): n=4, x £ SE

Busineno noziOHy 10 06poOku HaciHHs pu300ismu 3 (yHrinpaa-
MH TeHZIeHII0 3MiHN akTHBHOCTI AITO B KOpeHsX 1 JMCTKaX 3a KOM-
IIEKCHOI OOPOOKH COi 32 Y4YacTIO JIEKTHHIB (puc. 3). [HITy TeHneHIio
crioctepiramy Jme y (asy TppoX CHpaBKHIX JIICTKIB y BapiaHTax i3
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MOJIOHAM KOMILIEKCOM OOPOOKH HACIHHSI Ta BUKOPHUCTAHHS Makcumy
XL i1 ®epepy: aKTHBHICTb (hepMEHTY B JIMCTKAX JOCSTAIA PIBHS KOH-
TPOJIHUX POCIIHH.

3a IHOKYJIILL{ HACIHHSI COl pU300isSIMH, iHKYOOBAaHUMH 3 JICKTHHOM,
HE BiIOYyBaIOCh CYTTeBHX 3MiH akTHBHOCTI [ TIO B KOpeHsX, MOpiBHS-
HO 3 KOHTPOJIBHAMU pociiHami (prc. 4). [Ipu iboMy akTHBHICTB (ep-
MEHTY B JIMCTKAX MiIBUIIYBaTacs y (a3y TphOX JUCTKIB Ta 3HIDKYBa-
macsi y asy macoBoro IBiTiHHS. KomruiekcHa 00poOka HaciHHS coi
pmsodisiMu Ta Qynrimmnamu Cragak Tor 1 Makenm XL iHmyKyBana
pisky iHTeHcudikamito aktuBHocTi [TIO B Kopewsix y dasy Tphox
cripapkHiX JHCTKIB (prc. 4). 3a il ¢ynrimny DeBep aKTHBHICTH
(epMeHTY B KOPEHSIX 3QITHILIANIACH HA PiBHI KOHTPOJIBHHUX POCIHH.
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Puc. 4. Brutis 00poOku HaciHHs coi B. japonicum 6340,
iHKyOOBaHHMMH 3 JIKTHHOM, CITUTHHO i3 DyHTIMIaMu, Ha aKTUBHICTD
I'TIO B xopensix (4) i mictkax (b) y hasy TpbOX CHpaBKHiX JIMCTKIB (/)
Ta MacoBoro uBitiHus (I/): n=4,x £+ SE

YV a3y macoBoro IBITIHHSA PiBeHb HOTO AKTHBHOCTI B KOPEHSX
3pOCTaB y BCIX JIOCIIPKYBAHMX CHMOIOTHYHHX CHCTEMax 3a y4acTi
pu3006iit 1 QyHTiMIiB, ocoOmBo 3a Aii Cranmak Torry. 3a KoMIuiekc-
HOi 00poOKM HAciHHS pr300LsiMU Ta (yHrimaamu aktueHicTs [TIO B
JIICTKAX ICTOTHO 3HWXKYyBalach y (asy TpbOX CIIPABXKHIX JIMCTKIB.
VY ¢a3y mMacoBoro IBITIHHS HOro aKTHBHICTH HAOJMDKAACS JO KOH-
TponbHOTo 3a jii Makcumy XL, 3anmiiianacst Ha HU3bKOMY PiBHi 32 i
Depepy Ta 3poctaia 3a aii Crangax Torry.

OO0poOka HaciHHA PU300ISIMH, IHKyOOBAHUMH 3 JISKTHHOM, CITLTb-
HO 3 (pyrTimmmom Maxcum XL CHpHHHSIA CTPIMKE 3pOCTAHHS AKTHB-
Hocti I'TIO B xopeHsix y a3y TPbOX CIIPaB)KHIX JICTKIB, TOAI SIK T10-
nibra 06pobka 3a ydactro ¢yHrimmaiB Pesep i Crannax Tom iHIyKy-
BaJIa 3HIKCHHS aKTUBHOCTI (PEPMEHTY B KOPCHSIX TOPIBHSHO 3 KOHTPO-
JeM. Y (ha3y MacoBOro LIBITIHHS aKTHBHICTb ()epMEHTY B KOPEHSIX ITe-
peOyBaia Ha IOCHTh BUCOKOMY PIiBHI B IIMX CUMOIOTHYHHX CHCTEMaX.
IHOKyssaLIist ol pu300isiMU, IHKYOOBAaHUMK 3 JISKTHHOM, CHUIGHO 3
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00pOOKOK HaciHHS (QYHTIIMIAMA THTyKYBala 3HIDKCHHS aKTUBHOCTI
I'TIO B ymCcTKAX NOPIBHSHO 3 KOHTPOJIEM SIK Y (ha3y TphOX CIpaBiKHIX
JIMCTKIB, TaK 1y (ha3y MacoBoro 1BitiHHs. OcoOIMBO y BapiaHTi 3 KOM-
IUIEKCHOIO 00poOKoro HaciHHs 3i Cranmak TomoM, y dasy Tpsox
CTIPaBKHIX JIFICTKIB.

O6roBopeHHs1

CKI1a/1oBi MEXaHi3MiB [Iii JISKTHHIB HA POCITHHH — X 3aJTy4eHHS JI0
CHTHAJTBHOI CHCTEMH PETYJIALIT POCTY Ta PO3BHTKY 3a Ge3ocepe/HbO1
B3aeMoyii 3 pitoropmMoHamu. PicTcTimy troBaibHa J1ist JISKTHHIB T10B’sI-
3aHa 3i 3MiHamH GayaHcy (iTOropMoHiB y OiK HAKOIMMYCHHS iHIOMLT
orrroBoi kucioT (IOK) Ta murokiniHiB y pocimHi (Kyrychenko, 2014).
[igBHIICHHST aKTHBHOCTI TIEPOKCHIA3H SIK TTOM(YHKIIOHATBHOTO (hep-
MEHTY PO3IVIIIA0TH Cepet HIMX i QYHKIiH y KITiTHHI e i sIK Bifmo-
Bi/lb Ha 30UTBIIICHHS BMICTY €HJIOTCHHOTO ayKCHHY, a 38 PiBHEM aKTHB-
HOCTI [IEPOKCH/IA3H Y POCIMHAX MOYKHA CY/IMTH PO BMICT y HHX ayK-
cuHiB, 30kpema IOK (Fedorova et al., 2000). 3adikcoBani Hamu 3MiHI
AKTUBHOCTI aHTHOKCHIAHTHUX (DEPMEHTIB Y CTBOPEHNX CHMOIOTHYHHX
crcTeMax 3a 00pOOKU HACIHHS PU300ISIMH, IHKYOOBAHIMH 3 JISKTHHOM,
CTIUTBHO 3 (PyHTIIMIAMH, MOXYTh OyTH TIOB’5I3aHi Came 3 IIOpYIICHHM
PETYISTOPHOI (PYHKI €HIOTeHHIX JICKTHHIB.

SIk 3a3HauCHO BUIIIE, XapaKTepHa OCOOMBICT CTPYKTYPH POCITHH-
HUX JIGKTUHIB — HAsIBHICTB TIEHTPIB TinpooOHoro 38’s13yBaHHs. Lle Bka-
3y€ Ha HASIBHICTb y HUX CAMOCTIIHUX CAWTIB, SKi BiNOBIIAIOTH 3 TiJl-
pooGHY B3a€EMOIiFO 3 MOJICKYJIAMH HEBYTJICBO/IHOI IPHPOJIH, 30KpeMa
(iToropMoHaMH, BHACIIIOK YOTO BOHH MOXKYTh aKTHBHO BKJTIOUYATHCS
B CHCTEMY TOPMOHAJIBHOI PeryJiiLiii MPOLIECiB POCTY Ta PO3BUTKY POC-
mH (Babosha, 2008; Kyrychenko, 2014). MoxHa NpHITyCTUTH, IO
JIFOY1 PEYOBHHI JOCTIPKyBaHHX (DyHTIIHIB 1HIyKyBaT! OJIOKYBaHHS
TifpohoOHUX caifTiB 3B’SI3yBaHHS B MOJIEKYJI OUIKA, UMM CTBOPIOBa-
JIach CBOEPIHA KOHKYPCHIiS 32 CaliTH 3B SI3YBaHHS 3 IHIIINMHA XiMid-
HHMH CTIOJTYKaMH, 110 CTIPHYMHUIO 3MiHH TIpoIieciB OpMyBaHHS Ta
(yHKILIIOHYBaHHS COEBO-PH300IJIEHOTO CUMOI03Y.

JloCITi/DKeHHSIMI OCTAHHIX POKIB TIOKA3aHO, 110 HETATHBHUIA BILTUB
TPErtaparis i3 QyHIiIIHOI aKTUBHICTIO Ha e(eKTUBHICTH G000BO-pH-
300iaIbHOr0 CUMOI03y OB SI3aHHiT i3 MOPYILEHHSM PEryJIITOPHOL CH-
CTEMH CHTHAJIIB MK MaKpo- Ta MIKpOCHMOIOHTaMH, OJIOKYBaHHSIM aK-
THBHOCTI T'€HIB HOAYJIINI Ta 3MEHIIEHHSM PiBHA pr3odiansHOro Nod-
(akropa (Bikrol et al., 2005; Fox et al, 2007; Araujo et al., 2017).
[ectrmmm MOXXyTh BIUIMBAaTH Yepe3 iHTiOyBaHHs (hiaBoHOiTHOrO Nod-
perienTopa, IHIyKyIOUH MPUTHIYCHHST CHHTE3Y Ta CeKpeltii (aBoHOII-
HHUX PEUOBHH, 110 BUPOOIISFOTHCS POCIIMHOKO, THM CAMHM MOPYILYFOUH
6000B0-pr300iasbHy B3aemomito (Bikrol et al., 2005; Fox et al., 2007,
Araujo et al., 2017). KoxxHa 3 10CmimKyBaHUX XiMIYHHX PEIOBUH KOH-
KypeHTHO OOMeXyBana akTuBamio reHHoro Nod-thakropa 3amexHO
BinI 1i KOHIIEHTpaIIii Ta iHTi0yBaTBHOT M.

OrtpuMaHi HaMH J1aHi CBiT4aTh, 1[0 BUKOPHCTAHHS IHOKYJIIIHOL
CycIeHsii pu300iH, IHKyOOBaHMX i3 JISKTHHOM, y KOMIUTEKC 3 yHTIIm-
JIaMH TIPUTHIYIYBAIO PICT COi (HAI3EMHOI Mach Ta Macu KOpEHsI), 10
CYHPOBOJDKYBAJIOCH 3HIKEHHSIM e(pEeKTHBHOCTI POOOTH CHMOIOTHYHOTO
arapaty. Kpim Toro 3agikcoBaHo pi3HHi CTYTIIHb BIUTMBY JOCII/DKYBa-
HUX TpenapariB i3 (yHriHIHO Jiero Ha e(eKTHBHICTh (DYHKIIOHY-
BaHHS COEBO-PU300LTHHOTO clMOio3y. Ha Harry mymKy, Takuii BIUIMB
TIpENapariB 3aeXXaB Bi] XapaKTepy MIFOUMX PEUOBHH, IO BXOTH JI0
X CKTajty, Ta 3TATHOCTI YTBOPEHHUX CUMOIOTIYHHX CHCTEM peali3yBaTi
CBOI CUIMOIOTHYHI BITACTHBOCTI 32 IIEBHHX YMOB BHPOIITYBaHHS.

AHaJii3 OTpHMaHHX Pe3yJIbTaTIB MOKa3aB, 110 00pOOKa HACIHHS COT
PpU300isiMHU, HKYOOBaHHMH 3 JICKTHHOM, y KOMILICKCI 3 (DyHTIIMIaMU
migBuitye aktusaicte COJI i I'TIO B kopeneBux Oysp0oukax y dazy
TPBOX CHPABKHIX JIUCTKIB 1 CTUMYJTIOE 3pocTanHst aktrBHocTi ATIO y
(hazy MacoBoro LBiTiHHS. Lle CBiTUNTE MPO aKTHBALLIIO 3aXUCHUX PEaK-
Liii pOCITMH Ha PiBHI poOOTH (DEPMEHTIB 3 AHTHOKCHIAHTHOIO aKTHBHI-
CTIO, CTYIIHb SIKOi BIIPI3HAETHCS 3AIEKHO BiJl XapaKTepy BIUIUBY Jil0-
Y0i PEYOBHHH JIOCITHKYBaHUX (yHTIMIiB. CrelM(IYHOI peaKIiero
¢epmentiB (COJI, AITO Ta I'TIO) Ha KoMIUIEKCHY OOPOOKY BiJPi3HSB-
cst BapiaHT 13 BUKopucTanHsM ¢yHrinuay Cranpak Tom. Ha wamry
JYMKYy Iie TOB’S13aHO 3 XIMIYHMM CKJIaOM 3a3HA4YeHOro Mperapary,

TMPUCYTHICTIO TPHOX IOYMX PedoBHH ((irpoHity, TiodaHar-MeTuy,

HipaKyIocTpoOiHy), sIKi TOEIHYIOTh (DyHIILMIHY TA IHCEKTHIMIHY JIFO.
ToeHaHHs TAaKOro KOMIUIEKCY XIMIYHHX CHOJNYK HEraTHBHO BILTHBAE
Ha MeTa0OIiYHI MPOLIECH POCIMH coi B cMOi03i 3 pr3o0isvu. TIpu pomy
HalCHIIGHILINN HETaTHBHUI BIUTHB HAa COEBO-PHU300iasIbHIIT cUMOi03,
OYEBHIHO, CIIPUYMHEHHI CaMe HAsSBHICTIO Y CKJIAZi TIpenapary 040l
PEYOBHHH TiO(haHAT-METUITY, KU HAJISKHUTH 10 Ki1acy OCH3UMIa30-
JIB, [IO BiIPI3HSFOTECS HU3BKOK XIMIYHOK CTAOUTBHICTIO Ta I Yac
TIOMAJIAHsT y TPYHT IIBUIKO (MPOTATOM JICKUIBKOX TOIMH a00 HABITh
XBHJIMH) TiIPOMI3YIOTECS JIO CTIHKIIIOl CHONYKH — KapOeHIa3nMy 3
nepioziom HamiBposmany (Tos) 3-6 micsauis (Evtushenko et al., 2004).
SIK 3a3HaYArOTH JITEpaTypHi HKepena, TiohaHaT-MeTHI MOTpPAIUISE Yepe3
KOPIHHS Ta TIEPEMIILY€EThCSI B POCINHI B aKPONETATHHOMY HAIPSIMKY
KCHJIEMOIO, TOYHIIIE, Oro MeTaboMiT KapOeHaa31M, SIKUi XapaKTepu-
3y€TBCS TePATOreHHIMH, eMOPIOTOKCHYHIMY, TOHAIOTOKCHIHIUMH Ta
KaHIIEPOTeHHIMU BJIACTUBOCTIMH (WWw.demetra-agra.com.ua).

BB nirouoi pedoBrHM (POTIOKOHA30MTY, KJIAC TPHUA3OIH), IO
BXOZIHTB JI0 CKIIany npenapary deep, noysirae B iHrioyBaHHi JUMETH-
Ja3u — (hepMeHTYy, SIKHi1 BiToBizac 3a OiocuHTe3 crepostiB (OyiBens-
HUIi MaTepiast KIITHH [TATOTeHy) Ta CIPUYUHSE OPYILIEHHS LUTICHOCTI
KIITUHHKX CTIHOK IpHOIB, ix 3arubess (Kobak et al., 2016). TIponnka-
FOUH B POCITHHH, TPHA30JI MOXKYTh TIOPYILLYBaTH CHHTE3 TiOEpeITiHiB y
POCIIMHI Ta [SITH SIK PETYIATOPH POCTY, CIPHYHHSIOYH PETapIaHTHHI
edexr. TpuBaricts T s Li€l peuoBUHN 3AIESKUTH Bif pH HaBKOMIL-
HBOTO CEPEIOBHIIA: Y JTyXKHOMY — IOHAJ PiK, Y Krciomy — 10 120 1o,
y BomHuX (oTonmitnyHnx ymoBax — 1o 48 romun (Evtushenko et al.,
2004). ¥V Hanmx JOCIi/DKSHHSIX 3aCTOCOBAaHO OOpPOOKY HACIHHS 4mc-
TOIO KyJIBTYpOIO B. japonicum 6346 (pH 7,2) CHiijIbHO 3 BOZHNM PO3UH-
HoM ripeniapaty Desep, i3 HACTYITHIM BUPOLLyBAHHSIM POCIMH Y Millia-
Hill KyJIBTYypi 31 BHECEHHSIM MOKUBHOI cyMini [esbpirests, To6To Oy
CTBOPEHI KOHTPOJIBOBAHI YMOBH 3 MATPUMAaHHAM HeitpanbHoro pH
IPYHTY, 110 MOIJIO OyTH IPUYHHOKO JUTS HETPUBAJIOTO MIEPioAy [l TIpe-
Iapary Ta Horo MEHIII [IKOIOYHHHOTO BIUIMBY Ha COEBO-PH300iaIbHUI
CHMO0103 MOPIBHSHO 3 IHIIIMMH JOCIIPKYBAHUMH (DYHIIIIAMH.

Jlo criany npenapary Makcum XL BXOISATH J1Bi JTiFOUi PEYOBHHA
(¢orymioKCOHIN 1 METaNaKCHIT), OHA 3 SIKUX, (UIYIIOKCOHLI, — aHAJOT
HPUPOHOTO aHTHUOIOTHKA, 110 BHUIULIETHCS IPYHTOBUMU OaKkTepisMi
Pseudomonas pyrocinia, siKi TIPUTHIYYIOTh PICT MATOTEHHUX TPUOIB
(www.demetra-agra.com.ua). BIumB peqoBrH miaKiacy TpHazosiHTiO-
HIB Ha PICT 1 PO3MHOKCHHS TATOT€HY IOB’S3YIOTH i3 TOPYILEHHIM
¢yHxil ©TiTHEHEIX MeMOpaH. OnHak, BOMBarour 30yJHHKIB XBOPOD,
el npenapar Oe3NeyYHHi, He IPUTHIYY€e KOPUCHY MIKpO(JIOpy IPYHTY.
Tpusanicts Tys B 1pynti — 1025 ni6 (Evtushenko et al., 2004). Tomy
¢yHrimHa gis MakcuMy He MpOSIBISUIA 3HAYHOTO TOKCHYHOTO
BIUIMBY Ha peati3aliilo CHIMOIOTHYHIX BIACTUBOCTEH COi.

Peakuist antrokcunantaix ¢epmentis (COJ, AIIO i I'TIO) B ko-
PEeHSIX 1 IMCTKaX cOl SIK Ha CIUIbHY 0OpoOKY pr300isIMH Ta (yHTIIH-
JIaMH, TaK 1 Ha KOMIDIEKCHY 0OpPOOKY 32 y94aCTIO TOMOJIOTTYHOTO JIEKTH-
Hy OUIBII BHpakeHa Yy a3y TphOX CHpaB)KHIX JICTKIB MOPIBHSHO 3
(hazoro MacoBoro IBiTiHAA. OYEBHIHO, [IE TIOBSI3aHO 3 peakiiero dep-
MEHTIB Ha 00pOOKY SIK CBOEPITHUI CTPEC VTS POCIIMHH, SIKHI HIBEIIO-
€TBCs1 10 (pasu MacoBoro IBITIHHSL. [Ipy 1IbOMy CTYTIIHB MPOSIBY aKTHB-
HOCTI JIOCITI/KYBaHHX (hePMEHTIB BiIPI3HABCS MK BapiaHTAMH 3aJISK-
HO BiJ] XapaKTepy BIUIUBY Ail0YOI PEYOBUHH JOCITHKYBAHUX (yHTIIM-
B, @ TAKOXK CTIEHM(IYHOCTI MPOSIBY iX CIUIBHOTO BIUIUMBY 3 pU300Lsi-
MH, 1HKYOOBaHHMH 3 JIEKTHHOM. Y (ha3y MacoBOTO IBITiHHS Y JAOCIIA-
JKyBAaHMX CHMOIOTUMHUX CHCTEMaxX CIIOCTEpIray 3HIDKCHHS PIBHS
axtuBHOCTi (epmenTiB (CO/, AIIO i ITIO) B jmicTkax He3aIexKHO Bil
XIMIYHOT PUpOM (PYHTIIMIHMX TpenapariB Ta HPosBY iX il B KOMIT-
JIeKC1 3 pr300isSMH, IHKYOOBAaHUMH 3 JIKTHHOM. 3 OJTHOTO OOKY, 11 MO-
ke OyTH OB SI3aHO 3 OHTOICHETHYHMMU Tepe0y/I0BaMK METa00IIi3My
POCITHH 1 [IEPEXO/IOM iX y TeHEepaTHBHY (pa3y OHTOTEHe3Y, 3 HILIOro — 3i
3HIDKEHHSM XIMIYHOI aKTUBHOCTI JIFOYNX PEUOBHH IPEMNapariB yHACII-
JIOK iX TMOBHOT'O 4K YacTKOBOro posnay y rpyHTi (Ty;s).

BucHoBkn
InTencudikartist aktuHocti COJl, ATIO Ta MpHUrHiYCHHS aKTHB-

Hocti I'TIO B KopeHeBux OynpOoukax coi 3a mii QyHrinpaiB y ¢asy
TPBOX CHPABKHIX JIMCTKIB Ta ITIBULLICHHS aKTUBHOCTI BCIX JOCIIDKY-
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BaHUX (epMeHTIB y a3y MacoBOro LBITIHHS BKa3ye Ha CYTTEBUI PO3-
BUTOK CTPEC3aXMCHUX PEaKIliil y BilMOBiab Ha 00poOKy. [lpu mpomy
BHKOPHCTAHHSI KOMILIEKCHOI 00poOKu HacitHs coi dyHrrimmnamu (De-
Bep i Maxcum XL) Ta iHoKysstHTOM (1taM B. japonicum 6346) cripusie
30eperkeHHI0 ADA KopeHeBUX OyIIBOOYOK 1 HAPOCTAHHIO BETETaTUB-
HOI MacH pOCIIUH.

OpoOka HaciHHsA COi pPH300IsAMH, IHKyOOBAaHUMH 3 JICKTHHOM,
CruTBHO 3 (yHrivIamMy BUKIHKae minsrmenns aktreHocti CO/ i [TIO
B KOpEHeBHX OyNb004Kax y a3y TphOX CHPaBKHIX JIMCTKIB 1 3pOCTaH-
w3t aktuBHOCTI AIIO y (ha3sy MacoBOro IBITIHHS, IO CBITYHTH PO
PO3BUTOK THIIOBOI aHTHOKCHIAHTHOI PEAKLl Y Bi/IOBI/Ib HA KOMILICK-
CcHy 00poOKy. BoziHouac, BUKOPUCTAaHHS TOMOJIOTIYHOTO JISKTHHY COi B
xoHueHTparii 100 MKT/MT sIK KOMITOHEHTa 1HOKYJSALIMHOI CycrieH3il
JUT TIOM SIKIIEHHSI TOKCHMYHOI [if JOCTKYBaHWX (DyHTIMIIB Ha
(DYHKIIOHYBaHHS COEBO-PU300IATBHOTO CHMOIO3y HE BHIIPABIAIO
O4iKyBaHHX PE3YJIbTATIB Y CYBOPO KOHTPOJIBOBAHHUX YMOBAX MOJICIIb-
HOTO BEreTaliiiiHoOro OCIioy Ta MoTpedye MOMANIBIIKX JOCII/DKCHb Y
IPYHTOBIH KyJIBTYpi.

AxruBHicTb aHTHOKCHAaHTHEX (epmenTiB (COZ, AITO i I'TIO) B
KOPEHSIX 1 JTIUCTKAX COi SIK Ha CIIUTbHY 00pOOKy pr300isMu Ta (pyHIilm-
JIaMH, TaK 1 Ha KOMILIEKCHY 0OpOOKY 38 y94aCTIO TOMOJIOTTYHOTO JIEKTH-
Hy OyJ1a BUPKEHIIIO Y (ha3y TPhOX CHPaBKHIX JICTKIB TOPIBHSHO 3
(ha3010 MacoOBOTO LBITIHHS, IO TOB’S3aHO 3 PEAKIEI0 (JepMEHTIB Ha
00pOOKY SIK CBOEPIITHHI CTpeC ISl POCIVHH, SIKHI HIBETIOETHCS 10
(ha3u MacoBOrO LIBITIHHSL.
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The milk thistle is a highly valuable medicinal plant, widely used in treatment of liver diseases. Soil-climate
conditions of the steppe zone of Ukraine are favourable for crop cultivation. The goal of the study was to determine
relations between milk thistle productivity and elements of cultivation technology, viz., primary tillage depth (14-16 and
20-22 cm), inter-row spacing (30, 45, 60 cm), timing of sowing (3rd decade of March, middle of April, 3rd decade of
April) and mineral fertilizer application doses (no fertilizers, NusPas, NooPop). Field trials were carried out during the period
from 2010 to 2012 on the irrigated lands of the Institute of Rice of the National Academy of Agrarian Sciences of Ukraine
by using the split plot design method in four replications. The climate of the territory of the trials is typical for the steppe
zone. The soil type was dark-chestnut residual solonetz middle-loamy soil. We used the Yuhoslava variety of milk thistle
in the trials. Cultivation technology was standard, excluding the studied factors. The results of the trials showed significant
impact of all the studied cultivation technology elements on milk thistle seed and oil yields. The maximum average seed
(1.66 t/ha) and oil (489 kg/ha) yields were obtained under the primary tillage at the depth of 2022 cm, inter-row spacing of
60 cm, sowing in the 3rd decade of March, applying mineral fertilizers in a dose of NogPg. The highest input in seed and oil
yields rise was made by the mineral fertilizers, which increased milk thistle productivity by 1.57 times comparatively with
non-fertilized treatments. We also established a strong direct interrelationship between seed and oil yield: coefficient of
determination was 0.96. Results of the current study are slightly limited, so further investigations in the field of milk thistle
cultivation technology development and improvement are required to provide Ukrainian farmers with scientifically

grounded agrotechnology of this valuable medicinal plant.

Keywords: primary tillage depth; inter-row spacing; timing of sowing; mineral fertilizers dose; medicinal plant; seed yield; oil yield

Introduction

Medicinal plants have been widely used by humanity for treatment
of various diseases since ancient times. The development of modem
chemistry has moved them to the background, but no chemical drugs
can replace the natural mild treatment provided by the medicinal plant-
based drugs. Nowadays, interest in medicinal plants is growing.
Questions dedicated to production of high-quality plant raw materials
are of great relevance. At the moment, China and India are the leading
countries in production of the medicinal plants, and the main consumers
are Japan and the Republic of Korea. Germany is considered to be an
important European center of trading and usage of medicinal plants
(Lange, 2002). Ukraine has favourable soil-climate conditions for success-
ful production of major medicinal plants, especially, on the South. Domestic
cultivation of medicinal and aromatic plants provides great opportunities
for export of the raw materials to developed countries of Europea and Asia
and for native production of perfumes and plant-based drugs.

Among the medicinal plants a special place is occupied by the milk
thistle (Silynum marianum L. Gaertn.). The milk thistle is a member of
the Asteraceac family. It is considered that it originated in the
Mediterranean Basin. The milk thistle grows as a wild weed in many
European countries, North Africa, Southern and Northern America,
Central and Western Asia, Southern Australia (Chiavari et al., 1991;

Morazzoni & Bombardelli, 1995; Carrier et al., 2002). In Pakistan and
Iran it is well-known as a troublesome weed in wheat crops (Khan et al.,
2009; Shamsi, 2009). But on the other hand, the milk thistle is a highly
valuable medicinal plant, well-known among health-care specialists
from ancient times (Bamnes et al., 2003; Ross, 2008). It is used in
treatment of different liver and biliary diseases, mainly, because of the
silymarin content in seeds (Flora et al., 1998; Siegel & Stebbing, 2013;
Saki et al., 2015). Some studies report the high efficiency of treatment
with milk thistle medicine even in case of chronic liver diseases (Seeff
et al,, 2001). It is proved that it can prevent liver cancer (Tamayo &
Diamond, 2007) and has a lot of other advantages over many
conventional drugs (Post-White et al., 2007). Scientific studies of the use
of milk thistle use in medicine are still being carried out (Albassam et
al., 2017), particularly, in the field of appropriation of the different crop
cultivars for preparing drugs (Lucini et al., 2016). To supply medicine
with high-quality raw material, cultivation technologies of the medicinal
plants should be carefully studied. And milk thistle is no exception.
Lack of scientifically grounded information on the cultivation
technologies of medicinal plants is one of the main obstacles in their
production (Smatana & Macék, 2011). There are only a few reports
about peculiarities of the crop cultivation under different conditions, for
example, of salt stress (Ghavami & Ramin, 2007). The above-mentio-
ned fact defines the relevance of our study.
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Materials and methods

The goal of the study was to determine the influence of the
cultivation technology elements on seed productivity and oil yield of the
milk thistle crops grown on irrigated lands in the South of Ukraine. The
studied factors were: A — primary tillage (treatment 1: shallow tillage at
the depth of 14-16 cm; treatment 2: moldboard plowing at the depth of
20-22 cm); B — inter-row spacing (treatment 1 : 30 cm, treatment 2 :
45 cm, treatment 3 : 60 cm); C — timing of sowing (treatment 1 : 3rd
decade of March, treatment 2 : middle of April, treatment 3 : 3rd decade
of April); D — mineral fertilizer application doses (treatment 1 : no
fertilizers applied, treatment 2 : NysPys, treatment 3 : NggPg). The field
trials were held during the period from 2010 to 2012 at the experimental
fields of the Institute of Rice of the National Academy of Agrarian
Sciences of Ukraine (latitude 46°08'34" N, longitude 32°57'15" E,
altitude 8 m). The split plot design method of the trials in four
replications was used. The sown area of the 4th rank was 70 m?, and
yield registration area was 55 nm’.

The climate of the zone is moderately continental, and is characte-
rized as dry and warm. Climate conditions form under the influence of
the Black Sea. Weather conditions during the period of the trials were
unstable and contrasting. Meteorological indices and long-term mean
values were obtained from the Kherson Regional Hydro-meteorological
Center. As a matter of fact, 2010 was hot and well-supplied with preci-
pitation, 2011 was moderately warm and comparatively dry, while
2012 was the hottest year (Tables 1, 2).

Table 1
Precipitation amounts during the period
of milk thistle growth and development in the field trials (mm)

Long-term Years of the study Average for the
Months mean studied period +
values 2010 2011 2012 standard deviation
March 19 6.0 9.6 20.0 119+7.1
April 24 23.8 37.8 125 247+0.7
May 28 339 585 1446 79.0+51.0
June 36 108.8 34.8 29.3 57.6+21.6
July 29 137.6 12.8 122 542+252
August 27 0.6 3.0 542 193+7.7
September 28 472 12.0 0.0 19.7+£83
Total annual 307 5440 2253 3118 3604+534
Table 2
Air temperature during the period
of milk thistle growth and development in the field trials (°C)
Long-term Years of the study Average for the
Months mean studied period +
values 2010 2011 2012 standard deviation
March 23 34 2.8 3.0 3.1+£08
April 10.0 10.7 10.1 11.6 10.8+0.8
May 16.0 176 165 198 180+2.0
June 199 25 215 220 220+2.1
July 219 247 245 260 25.1+£32
August 213 261 226 235 24.1+2.8
September 164 177 187 190 18.5+2.1
Average annual 9.8 117 117 118 11.7+19

Ground water and irrigation water were analyzed in the certified
laboratory of the Kherson Office of the Institute of Land Management
of the National Academy of Agrarian Sciences of Ukraine using the
standard methods. Calcium and magnesium concentrations were deter-
mined by Ethylenediaminetetraacetic acid titration. Sodium concentra-
tion was determined on a flame photometer. Chloride concentration was
determined by silver nitrate titration. Carbonate and hydro-carbonate
concentrations were determined by hydrochloric acid titration. Sulphate
concentration was determined by barium chloride titration. Irrigation
water used in the trials had a favourable chemical composition and was
suitable for irrigation without limitation (Table 3). Ground water lay at
the depth of 5 m and was not involved in the water supply of the
cultivated crop. All the analyses were carried out within agrochemical
inspections of the fields and water of the Institute of Rice of the National

Academy of Agrarian Sciences of Ukraine. Soil in the trials was
represented by the dark-chestnut residual solonetz middle-loamy soil.
Power of hydrogen of the soil in the upper layer fluctuated between 7.0—
7.5 units. Humus content (determined by the method of Tiurin) in the
upper arable layer (0-30 cm) was 2.25%. Phosphorus (determined by
the method of Machygin) and nitrogen content (determined by the
method of Tiurin and Kononova) was low, and potassium content
(determined by the method of Machygin at the flame photometer) was
quite high in the arable soil layer of 0-30 cm (Table 4).

Table 3
Chemical composition and total dissoluble solids content
in the ground water and irrigation water used in the field trials

Qualitative parameters, g/L Ground water _Irrigation water

CO” absent absent
HCO;y 0472 0.152
Ccr 0.182 0.036
SO 0.868 0.054
Ca** 0.196 0.040
Mg* 0.082 0.017
Na* 0.328 0.028
Total dissoluble solids content 1.969 0.252
Table 4
Humus and nutritive elements content
in the arable soil layer of 0-30 cm in the field trials
Nitrogen  Nitrogen . Mobile  Exchangeable
Hu;/nus, (NO»), (NH,), Nﬂfgct?f{z glmmigr/ali Phosphorus,  Potassium,
°  mgkg  mgke "EEE mgkg mg/kg
2.25 39.0 4.0 26.0 29.0 332.0

The cultivation technology used in the trials was standard for milk
thistle growing under irrigated conditions. We cultivated the milk thistle
variety Yuhoslava, which has been included on the State Register of
Plant Varieties of Ukraine since 2006. The previous crop was winter
wheat. After harvesting of the winter wheat, harrowing at the depth of
8-10cm was conducted. Then mineral fertilizers were applied in
accordance with the trials’ design doses, and primary tillage was
conducted. Field planning and leveling were carried out before frosts in
the pre-winter period. Early spring started with dragging at the depth of
4-6 cm. The crop was sown after pre-sowing cultivation in three terms
with accordance to the trials” design by the means of SN-16 drill. After-
sowing, rolling was carried out to obtain good push-outs. Pre-sprouting
dragging was conducted to clear the fields from weeds. The plots were
dragged again at the stage of two leaves of the crop. Inter-row cultiva-
tions until the milk thistle leaves had closed up were conducted by
means of inter-row cultivator. We maintained the soil moisture in the
0.5-0.7 m layer at the level of 75-80% of the field water-holding
capacity by means of a frontal sprinkler irrigation machine. Total volume
of the irrigation water applied was 1100 m’ha in 2010 and 2012, 1650
m/ha in 2011 (or 1283 m’/ha in average for the studied period). Seed
yields was estimated by the means of “Sampo” self-propelled combine
harvester, and then recalculated for the standard seed moisture (12%) and
100% of seeds purity. Harvesting of the crop was carried out in the period
from the 1st to 2nd decades of September. The oil content in the seeds was
determined by using the Klevenger apparatus in the certified laboratory.
The yield data was processed by using the multiple analyses of variance
(ANOVA) and simple paired correlation analyses within AgroStat MS
Excel add-on and LibreOffice Calc 5 software applications. The least
significant difference (LSD) between the studied variants was
calculated for level of reliability of 95% (P < 0.05).

Results

The results of the study proved that milk thistle productivity signi-
ficantly depends on the cultivation technology treatments (Table 5).
Considerable increase in seed yields was achieved by: increasing the
primary tillage depth to 20-22 cm (from 1.12 to 1.17 t/ha on average);
increasing inter-row spacing to 45 and, especially, 60 cm (from 1.09 to
1.15 and 1.21 t/ha on average, respectively); the earliest sowing period
in the 3rd decade of March, comparatively to delayed sowing (from
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0.92 to 1.33 t/ha in average); mineral fertilizers’ application at a dose of
NI90P90, comparatively with lower nutritive background (from 0.88 to
1.18 and 1.38 t/ha in average).

Table 5

Seed yields of milk thistle in the trials depending on primary tillage
depth, inter-row spacing, timing of sowing and mineral fertilizers’
application doses at the irrigated lands of the Steppe Zone

(t/ha, all the studies were conducted in four replications)

Primary Inter-_row Mmeral Years of study
fillage spacing, Terms of fer}lihzgrs ayelzasge
cm sowing  application elds +
@aAc)to g (Factor  (Factor C) doses 2010 2011 2012 s}?andard
B) (Factor D) deviation
3 decade O fertlizers 092 101 099 097005
M NePs 122134 1321292006
NPy 139 153 149 1474007
Midde  Nofertiizers 085 093 090 089004
0 Ao NePs 107 118 117 114006
NwPo 123 135 131 130%0.06
3 decade o fertiizers 052 067 064 061008
of April NuPs 079 087 083 083+0.04
NP 101 LI8 113 111009
2 decade Nofertiizers 100 1107 105 105005
- oM NePs 128 141 136 135£007
Shallow NoPo 146 160 155 154+007
““‘t’hggat Midge | Nofertlzers 085 096 091091006
dptof %5 ofhp NePs 116 127 122 121006
A NPy 135 140 139 138+0.03
om 3 decade NOfertlizers 061 068 0.6 0.65+0.04
of Apil NePss 083 091 089 087=004
NwPs 108 120 116 1.15+0.06
i decade o fertiizers 102 114 110 1093006
M NePs 133 147 142 1412007
NoPo 154 165 1.61 1.60+0.06
Midge  Nofertzers 089 096 094 093004
60 ofaprl NePs 122 136 131 130007
NoPwo 141 151 145 146=005
3 decade O fertlizers 064 069 067 067003
of April NePs 092 101 097 097005
NPy 113 129 123 1214008
2 decade O fertlizers 094 104 101 1.00£0.05
v NePs 126 139 135 1332007
NePoy 144 158 154 1524007
Midde  Nofertiizers 088 098 096 0.94005
0 Ao NuPs 114 124 121 1194005
NP 130 140 134 135005
3 decade N fertlizers 060 069 065 0.65:£005
of April NiPs 085 097 092 091006
NoPo 106 122 118 1.15+008
i docade Nofertiizers 102 1127 109 107005
Moldbo oMy NePs 132 149 140 140009
ard NPy 151 162 158 157+0.06
plowing e Nofertilizers 0.87 099 093 093006
atthe 45 1\3\ "1 NuPss 120 132 128 126+0.06
depth of orApH NPy 139 143 141 141+002
20-22 s decade NOfertliZers 066 072071 070003
cm £ Aol NisPus 091 104 095 097+007
orap NP L14 127 122 1214007
3 docade Nofertilzers 106 116 113 112005
oMo NesPis 140 155 148 148008
NwPo 161 173 165 1.66%0.06
Middle  Nofertlizers 094 104 101 099005
60 o Apr NePs 129 142 134 135+007
NP 142 155 149 149+0.07
3 docage NOfetilizers 069 0.7 075 074004
ofApri NgPs 097 110 1.05 104006
NP 121 133 128 128+007

We consider, that moldboard plowing at the depth of 2022 cm
creates more favorable conditions for good development of the root
system of the crop. At the same time, wider inter-row spacing provides
better facilities for growth and development of the overground
vegetative mass of milk thistle plants, which can be explained by better

nutritive, air and light regimes in the crops, owing to lower density of
plants per unit area. Delayed sowing subjects the crops to unfavourable
weather conditions for vegetation, thus it leads to productivity decrease.
And the more mineral fertilizers we used, the higher the seeds yields
were, because of considerable improvement of the crops nutrition. The
maximum input in seed yields was made by the mineral fertilizers at a
dose of NgyPg: seed yields increased by 1.57 times comparatively to
non-fertilized treatment. The results of the study established an
opportunity of considerably raising the milk thistle seed yields through
use of rational cultivation technology, for example, in our case up to
1.05 t/ha (from 0.61 to 1.66 t/ha). Results of ANOVA milk thistle seed
yields data processing are represented in Table 7.

Table 6

Average seed yields of milk thistle in the trials depending on primary
tillage depth, inter-row spacing, timing of sowing and mineral
fertilizers® application doses at the irrigated lands of the Steppe Zone
(tha)

Factors Seed yields
signatures Treatments of millzlthistle
A Shallow tillage at the depth of 14-16 cm 1.12
Moldboard plowing at the depth 0of 2022 cm 1.17
Inter-row spacing of 30 cm 1.09
B Inter-row spacing of 45 cm 1.15
Inter-row spacing of 60 cm 121
Sowing in the 3rd decade of March 1.33
C  Sowing in the middle of April 1.19
Sowing in the 3rd decade of April 0.92
No mineral fertilizers applied 0.88
D Mineral fertilizers dose of NysPys 1.18
Mineral fertilizers dose of NoyPoy 138

Notes. For the average milk thistle seed yields LSD at P < 0.05 for the major
effects of the studied factors (tha): A = 0.034; B = 0.008; C = 0.005; D = 0.007.
LSD at P <0.05 for the partial effects of the studied factors (tha): A=0.177; B=
0.033; C =0.023; D = 0.030. All the studied factors had significant influence on
the milk thistle seeds yield.

The above-mentioned statements are true for the milk thistle oil
yields too (Table 7). The highest oil yield of 489 kg/ha on average was
obtained under the moldboard plowing at the depth of 2022 cm, inter-
row spacing 60 cm, sowing in the 3rd decade of March and applying
mineral fertilizers at the dose of NgoPoy. Increase of the primary tillage
depth raised oil yields up to 4.66%; cultivation under wider inter-row
spacing increased oil yields up to 5.11% and 5.47%; delayed sowing
resulted in oil yields decrease down to 11.73% and 28.20%. The maxi-
mum input in oil yields was provided by the mineral fertilizers that
increased the latter up to 37.55% and 20.47%. A strong direct depen-
dence of the milk thistle seed yields and oil yields was determined:
correlation coefficient between this features was 0.98, coefficient of
determination — 0.96.

Discussion

For the first time we established relations between milk thistle
productivity and cultivation technology elements, viz., primary tillage
depth, inter-row spacing, timing of sowing, mineral fertilizers’
application doses, on irrigated lands in the steppe zone. Connecting our
results to those of other similar studies, we found a lot of common and
also quite different features and points. One of the divergences is that
the results of our study prove a considerable difference in milk thistle
yields depending on timing of sowing. But some studies do not mention
any significant influence of sowing timing on milk thistle productivity
(Andrzejewska et al., 2011). On the other hand, research works of
another team of authors proved that a delayed sowing date obviously
resulted in a significant reduction in fiuit per inflorescence (Rahimi &
Kamali, 2012).The above-mentioned discrepancy between the studies
can be referred to difference in soil-climate conditions of the studies.

The common points of almost all the scientific studies is the
significant productivity increase of the milk thistle crops, achieved due
to use of mineral and organic fertilizers in proper doses and preparative
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forms, especially, Nitrogen (Wierzbowska et al., 2012), manures (Haban
et al,, 2009; Asfar et al., 2014; Haban et al., 2015) and natural stimulants
(Saad-Allah et al., 2017). There is a study proving the high efficiency of
foliage fertilizers (Stancheva et al., 2010).

Table 7

Milk thistle oil yields in the trials depending on primary tillage depth,
inter-row spacing, timing of sowing and mineral fertilizers application
doses at the irrigated lands of the Steppe Zone

(kg/ha, all the studies were conducted in four replications)

Inter-row Mineral Years of study

fillage spacing, Termsof  fertilizers average

cm sowing application yields +

(F?Sm (Factor  (Factor C) doses 2010 2011 2012 standard

B) (Factor D) deviation

Nofertilizers 256 281 274 270+129

35?&2‘?;‘}116 NuPss 347 382 376 368+187

NoPow 410 450 438 433+£205

Midde  Nofertilzers 235 259 251 248%122

300 A NiPss 306 337 333 325+169

P NwPo 362 398 384 381+18.1

No fertilizers 143 187 177 169+23.1

3&1“:’1.‘116 NesPs 224 247 237 236+115

P NoPo 298 346 332 325+£247

No fertilizers 277 305 293 292+ 14.0

Shallo ddecade 0 b T 365 400 388 385187
of March

W NwPo 428 470 456 451+214

tillage Middle No fertilizers 237 266 252 252+14.5

atthe 45 T NesPs 329 362 346 346+16.5

depth P NoPow 396 412 410 406+87

of 14~ No fertilizers 170 190 183  181+10.1

16¢cm 32‘}16?;?6 NsPs 236 260 252 249+122

P NePw 319 354 342 338178

No fertilizers 285 317 306 303+ 163

3;?&21‘316 NisPs 380 418 405 401+193

NePow 451 484 472 469+167

Midde  Nofertilzers 248 266 260 25892

60 A NiPss 348 388 373 370+202

P NoPow 415 443 427 428140

Nofertilizers 177 192 187 18576

32?‘11\“?1.‘116 NusPs 262 288 278 276+13.1

P NuPw 331 380 361 3574247

No fertilizers 262 288 281 277+135

3;?&ea‘§e NiPss 359 395 386 380+187

NwPo 422 464 452 446+216

Middle  Nofertilzers 245 273266 261146

300 e NesPs 323 352 345 340+15.1

P NePw 382 410 395 396+ 140

No fertilizers 166 193 179 179+13.5

32‘1&"‘?;.‘116 NsPs 241 276 261 259+176

P NePw 312 357 347 339+236

No fertilizers 283 311 302 299+ 143

Moldb ddecade U\ p U 376 404 400 400240
of March

oard NwPy 444 477 464 462+166

plowin Midde  Nofertilizers 243 275257 258+160

gathe 45 ENCC NiPss 341 375 363 360+172

depth P NwPo 410 421 414 415+56

of 20~ No fertilizers 182 201 197 193+10.0

22cm 32?‘11\“?1.‘116 NesPs 260 295 271 275£179

P NuPw 336 372 359 356+182

No fertilizers 294 323 314 310+ 148

3;?&‘?;‘}116 NgPs 400 442 422 421£210

NwPo 473 509 485 489+183

Midde  Nofertilzers 262 288 279 276132

60 a NisPs 366 406 381 384+202

P NPy 418 455 438 437+185

Nofertilizers 192 214 209 205+11.5

32‘}?‘?;.‘116 NsPs 278 312 298 296£17.1

P NoPow 356 392 377 375+18.1

Application of fertilizers significantly improved roots growth and
development, which resulted in higher crop productivity (Angelopoulou
etal.,, 2014). Some of the studies also report an earlier start of the flowering
stage and generally stronger and healthier plants due to treatment with
fertilizers (Nasrabadi et al., 2014). It was also established by some sci-
entists, that milk thistle oil yields are higher under treatments with

fertilizers (Asfar et al., 2014). It was proved, that for obtaining high
yields of milk thistle in dry zones with little rainfall, the crop should be
cultivated under irrigated conditions (Karkanis et al., 2011; Asfar et al.,
2015). In spite of the fact that the milk thistle needs proper soil moisture
for better productivity, the crop can be successfully cultivated under the
moderate deficit irrigation (Keshavarz Afshar et al., 2015). Drought
stress can even increase oil quality of milk thistle (Malekzadeh et al.,
2011). We should point out that we were the first to pay particular
attention to the reaction of milk thistle on the inter-row spacing and
primary tillage depth in irrigated conditions of the steppe zone. But it
should be mentioned here, that some scientific studies report contradic-
tory data to our results, that is to say that higher milk thistle seed yields
were obtained under the narrow inter-row spacing (25 cm), while we
obtained the maximum yields at the widest inter-row spacing treatments
(60 cm). It has also been stated, that wider inter-row spacing is conside-
red as worse treatment for seed yields, but not for the oil content in the
seeds (Omer et al.,, 1993). Conceming the primary tillage depth, our
results are in tune with some other studies reporting the maximum milk
thistle seed yields were obtained under the plowing at a depth of 25—
27 cm, comparative to the shallow tillage on 1820 cm (Nikolaychenko et al.,
2018). Results of ANOVA data processing of milk thistle oil yields are
represented in Table 8.

Table 8

Average milk thistle oil yields in the trials depending on primary

tillage depth, inter-row spacing, timing of sowing and mineral fertilizers
application doses at the irrigated lands of the Steppe Zone (kg/ha)

Factors Milk thistle oil
signatures Treatments yields
A Shallow tillage at the depth of 14-16 cm 322
Moldboard plowing at the depth 0of 2022 cm 337
Inter-row spacing of 30 cm 313
B Inter-row spacing of 45 cm 329
Inter-row spacing of 60 cm 347
Sowing in the 3rd decade of March 381
C Sowing in the middle of April 341
Sowing in the 3rd decade of April 266
No mineral fertilizers applied 245
D Mineral fertilizers dose of NysPss 337
Mineral fertilizers dose of NoyPoy 406

Notes. For the average milk thistle oil yields LSD at P < 0.05 for the major effects
of the studied factors (kg/ha): A=9.2;B=2.3;C=1.6; D=2.0.LSD at P <0.05
for the partial effects of the studied factors (kg/ha): A=47.8;B=9.8;C=6.7,D=
8.5. All the studied factors had significant influence on the milk thistle oil yield.

A strong point of our study, compared with others, is the multi-fac-
torial design of the trials, which allowed us to estimate crop productivity
under the influence of interacting cultivation technology elements. Un-
derstanding the presence of some limitations in the current study, we are
going to continue scientific research in the field of milk thistle cultiva-
tion technology. We hope that our study will give a powerful incentive
to production of milk thistle, as a highly valuable medicinal plant.

Conclusions

Milk thistle productivity was considerably affected by all the studi-
ed cultivation technology elements, which has been proved by the
ANOVA results. The highest average seed yield (1.66 t/ha) and oil yield
(489 kg/ha) was obtained under moldboard plowing at the depth of 20—
22 cm, mineral fertilizer application at a dose of NgyPo, sowing in the
third decade of March with inter-row spacing of 60 cm. The maximum
input in raising the crop productivity was made by fertilization. We
recommend the cultivation of milk thistle by the above-mentioned
agrotechnical complex on irrigated lands in the South of Ukraine.
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Introduction

Penetration of organisms into new territories has long acquired a

Lykholat, Y., Khromykh, N., Didur, O., Alexeyeva, A., Lykholat, T., & Davydov, V. (2018). Modeling the invasiveness
of Ulmus pumila in urban ecosystems under climate change. Regulatory Mechanisms in Biosystems, 9(2), 161-166.
doi:10.15421/021824

Climatic change can influence the boundaries of the natural and alien plant species distribution. Fluctuations in air
temperature, relative humidity and other factors can become a stimulus to initiation and / or intensification of the invasive
nature of some adventive plant species, especially in areas with a high degree of anthropogenic transformation. This paper
presents an analysis of the current state and a forecast of the invasiveness of the alien species Ulmus pumila L. (Asiatic
elm) in the Northern Steppe Dnieper under conditions of climatic change. Two local U. pumila populations consisting of
young different age trees were found during a route survey in the territory of the large industrial city Dnipro (48°28'00" N,
35°01'05" E) in its left-bank and right-bank parts.The seed origin of both local populations of Asiatic elm is confirmed by
the fact that the young plants were spaced at a distance of 50 to 120 m from adult trees, which could potentially be parent
plants. Both the left-bank and right-bank populations of U. pumila were located on abandoned construction sites, where
there were numerous reinforced concrete slabs, piles and abundant construction debris. In both U. pumila local
populations, 100 different-aged trees were randomly selected throughout the site, and their age and the morphometric
parameters were measured to simulate the development process of the detected populations, provided the current trends of
climate change continue. Analytical dependence of the number of trees in the left-bank local U. pumila population on
development time was described by a polynomial model with a determination coefficient of 98.3%. The graphic
representation of this model had a sinusoidal character, and a similar dynamic of left-bank population growth in the
subsequent years was suggested. The dynamic of the number of trees in the right-bank local Asiatic elm population was
described by an exponential model with a determination coefficient of 84.4%, and its graphical representation was
exponential. According to the forecast, by 2020, the number of plants in the right-bank local population of U. pumila can
increase 4-fold in comparison with 2015 while maintaining the current dynamic of population development. Thus, the
created mathematical models adequately described the dynamics of development of both local populations during the last
15 years and predicted their subsequent intensive growth, confirming the initiation and intensification of the invasive
nature of the alien species U. pumila by climatic change in the Steppe Dnieper.

Keywords: Asiatic elm; invasiveness; modeling; local population; climatic change

etal.,, 2012; Wagner et al., 2017). The consequences of introducing
invasive plant species into phytocenoses are numerous and not only
ecological (Lockwood et al., 2006; Abramova, 2012), but also econo-

global character and often provokes severe consequences for natural
ecosystems, primarily, threatening the conservation of biodiversity at all
levels (Blackburn et al., 2014; Dumalisile & Somers, 2017; Fateryga &
Bagrikova, 2017; Foxcroft et al., 2017). Identification of invasive
species and the ways of their introduction and spreading, implementa-
tion of measures to regulate or eradicate priority invasive species are
today one of the urgent general tasks specified in a number of internatio-
nal documents. The European Convention on the Conservation of Wild
Fauna and Flora and Natural Habitats (Berne, 1979) ratified by Ukraine
in 1999, and the UN Convention on Biological Diversity (1992) ratified
by Ukraine in 1994 call for the prevention of invasions, control or
destruction of those alien species that threaten ecosystems, habitats,
groupings and species.

In view of the above problem, the attention of researchers is attra-
cted by the significant rate of degradation of the natural phytocenoses
due to constant invasion of alien plant species in the natural commu-
nities (Pysek and Richardson, 2006; Chytry et al., 2009; Richardson &
Rejmanek, 2011; Vila et al.,, 2011; Kowarik & Pysek, 2012; Pysek

Regul. Mech. Biosyst., 9(2)

mic (van Wilgen et al., 2001; Olson, 2006) and social (Pimentel et al.,
2005; Olson, 2006). The economic consequences of invasions, directly
caused by human economic activity, usually lead to financial losses (de
Lange et al., 2010). Social consequences mainly affect human health
and safety, as well as the quality of life in general (Lykholat et al.,
2016); cultural heritage and other aspects of the social order (Marbuah
et al., 2014). Thus, alien species damage agriculture (Pratt et al., 2017)
and forestry (Borisova, 2016), negatively transform the functioning of
urban ecosystems and adversely affect human health by becoming a
source of allergies and other diseases (Guzzetti et al., 2017; Pismarkina
& Silaeva, 2018).

Alien species displaced by human activity beyond their native
geographical range (Blackbum et al., 2014), behave differently in their
new habitats. Some of the aliens quickly drop out of plant communities,
others capture a significant part of the new territory, beyond which they
do not or very rarely venture, others acclimatize, naturalize, displace the
native species, and even take their place in the natural plant communi-
ties. Thence, invasive alien species are rightly considered the second
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most important threat to biodiversity after the destruction of habitats.
Habitat transformed under the influence of invasive species creates
opportunities for the manifestation of aggressive qualities of those native
species that can change their range, moving northward or appearing in a
favourable environment for them in the urban phytocenoses and in
private plots as well. Therefore, studies of the transformation of biologi-
cal diversity (Nazarenko et al., 2018) and the geography of invasions
(Maslyakov & Izhevsky, 2009; Lykholat et al., 2017; Pismarkina & Si-
laeva, 2018) are critically important. One of the key aspects of study of
invasions is their quantitative assessment to determine the effect of
different stages of invasion from species penetration (introduction) to
the time when direct environmental impact occurs (Rouget et al., 2016).

The highest concentration of alien and invasive plant species is
observed in urbanized areas (Trentanovi et al., 2013; Baranova & Bralgi-
na, 2015; Baranovski et al., 2017), where the invasive processes mani-
fest themselves specifically, differing from invasions in the natural com-
munities (Gaertner et al., 2017). The variety of immigration paths for
plants and their sprouts, the large number of disturbed habitats, high
mobility of the human population and many similar factors lead to the fact
that urbanized territories become the plots for the emergence of plant
invasions and their further settlement (Fuentes et al., 2015; Lykholat
etal, 2017).

Changes in the climatic conditions in the direction of increasing
temperature and aridity that have occurred over the past decades have led
to altered population dynamics of the native plant species (Hou et al.,
2014; Bahguna & Jagadish, 2015; Sperlich et al., 2015; Mech et al.,
2018). However, climate change can affect the likelihood of alien species
invading a territory, as well as their chances of naturalization. In previous
studies, we established the extremely high sensitivity of the autochthonous
(Lykholat et al., 2016a) and alien (Lykholat et al., 2016b) woody plant
species, even to minor fluctuations in the microclimate and illumination in
the Steppe Dnieper. Given the continental nature of the regional climate,
one should expect that strengthening of'its aridity traits may be an effective
stimulus in influencing the boundaries of plant species distribution. We sug-
gested the possibility for some plant species to gain advantages for their
survival and spread in the conditions of climatic change over recentt years.
To test the hypothesis, the present distribution of the alien woody plant
species with an early association with artificially created habitats was
investigated. The aim of this work was to identify, assess the current state
and predict the dynamics of increase in the number of plants of alien tree
species Ulmus pumila L. under the conditions of climatic change.

Materials and methods

Study area. Population studies were conducted in 2017 by the field
route method in the territory of the large industrial city Dnipro
(48°28'00" N, 35°01'05" E), which covers an area of 405 km® within
the geographic zone of the Northern Steppe Dnieper. The city of Dnipro
is divided by the Dnieper River into the right and left parts, so two study
sites were selected, respectively, in the right-bank and left-bank part of
the city (Fig. 1).

Considering that most of the research on the impact of climate
change on plants is focused on the effects of temperature increase (Wal-
ther et al., 2009; Bahuguna & Jagadish, 2015), a comparative analysis
of air temperature, precipitation level and number of dry days (relative
humidity below 30%) during the vegetation period of woody plants was
carried out. In this paper, the analysis was based on the data of the
Hydrometeorological Service in Dnipropetrovsk region. Fluctuations in
temperature (Fig. 2a) and in precipitation (Fig. 2b) in the recent years
have been correlated with the climatic norm, which reflects the avera-
ged data of 50 years of observations.

Data collection. The test objects were local populations of alien woody
plant species of Asiatic elm (Ulmus pumila L.),which is of Central
Asian origin and was introduced into the Steppe Dnieper in the middle
of the last century. This species requires a lot of sunlight, demonstrating
rapid growth, and does not tolerate shading. U. pumila plants also are
rather intolerant of wet soil conditions, preferring well-drained soils.
While this species is very resistant to drought and severe cold and is
able to grow on poor soils, its short period of dormancy, flowering in

early spring, and subsequent continuous growth until the first autumn
frosts, makes it vulnerable to the influence of cold.
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Fig. 1. Local populations of alien species Ulmus pumila L.
in the city of Dnipro: o — investigated sites in the urban areas
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Fig. 2. Fluctuations in air temperature (@) and rainfall (b)
relative to the climatic norm

The urban left-bank local population of U. pumila (48°30'58.5" N,
35°02'46.3" E) was found during a survey of an abandoned construction
site on which piles were heaped and reinforced concrete construction
panels were laid. The site was rectangular in shape with dimensions of
80 x 90 m, and it was covered with herbaceous vegetation represented
by ruderal-steppe and ruderal-meadow species of plants. The pipes of
the heating main were located along the two sides of the plot, and the
other two sides adjoined steep slopes. The local population of U. pumila
contained a large number of young trees of different ages, dispersed
across the abandoned construction site. Adult, artificially planted plants
of Asiatic elm were discovered outside the site at a distance of more than
50 m, which indicates the seed origin of the young plants of U. pumila.
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The urban right-bank local population of U. pumila (48°26'07.9"
N, 35°02'07.8" E) was identified on a site with unfinished construction
on the territory of Gagarin Park. The size of the plot was about 80 x 70
m; the original soil cover (ordinary chernozem loam moderately low
humus content, or Calcic Chernozem in WRB) was anthropogenically
transformed due to the laying of concrete slabs at a depth of 5 to 20 cm,
as well as due to the presence of construction debris. The different-aged
young plants of Asiatic elm were spaced at a distance of 50 to 120 m
from a single adult 50-year-old tree, which could potentially be the
parent plant. This circumstance is a convincing proof of the seed origin
of the local population of U. pumila on the plot in Gagarin Park.

In the left-bank and right-bank local populations, 100 young
different-aged plants of Asiatic elm were randomly selected throughout
the site. For each of U. pumila trees, the age, tree height, tree stem
diameter at the level of 1.3 m, as well as the diameter of the root collar
of the stem were measured.

Data analysis. The invasive status of U. pumila was determined in
accordance with the generally accepted interpretation (Blackburn et al.,
2014) as the ability of the species to form the populations of seed origin
at a considerable distance from the parent plants.

In modern scientific research, mathematical modeling is used to
study systems of varying complexity and nature, including biological
ones. Simulation is carried out to achieve one of two purposes: either to
predict the behaviour of various objects, or to optimize their functioning
(Zamin et al., 2013). Since the models of prediction of species propa-
gation are standard instruments in environmental studies used to solve a
number of applied and conservation-related problems (Hanspach et al.,
2010), we applied a standard approach. For this, the regression analysis
methods implemented in the Excel and Statgraphics Centurion space
were applied. The use of regression allows us to display the relationship
of two variables in an analytical expression, to select a model with the
best approximation of the data, and to make a prediction about the
dependent variable (Frye, 2013). In our study, a forecast was carried out
on the possible growth in the number of plants in the local populations
of U. pumila at the study sites until 2020.

Results

The local population of young U. pumila, found in the left-bank
part of the city of Dnipro on the abandoned construction site, was repre-
sented by trees of different age status and the morphometric parameters
as well (Table 1).

Table 1
Morphometric parameters of plants
of the U. pumila left-bank local population

Tree age, Numberof  Tree height, Rootcollar  Stem diameter,
year trees, % of total m diameter,cm  cm(at 1.3 m)

4 4 06-1.5 06-2.5 02-09

5 14 0.8-3.0 13-55 04-14

6 23 14-34 14-40 09-19

7 10 14-4.1 12-45 04-25

8 15 14-35 25-60 06-2.5

9 20 1.5-35 2.5-10.0 06-4.6

10 3 1.8-20 35-55 1.0-20

11 11 3.1-18.0 4.0-30.0 1.8-126

The largest part of the left-bank local population of Asiatic elm was
composed of trees that are in the age range from 5 to 9 years.
Morphometric indices of the young plants in the local population of
U. pumila varied in a fairly wide range, which may reflect differences in
growing conditions. Here we can talk about the unevenness of anthro-
pogenically transformed soil conditions, the influence of the heating
main and other factors. For instance, it was established that a group of
young trees of U. pumila, represented for the most part by 11-year-old
plants, grew in close proximity to concrete slabs laid on the abandoned
building site (Fig. 3).

Thus, the local population of U. pumila young plants found on the
abandoned building site in the left-bank part of the city of Dnipro had a
seed origin and was formed over the last 12 to 15 years at a considerable
distance from the potential parent plants, which indicates the invasive

nature of the population. Since the most important stage of this study
was to predict the further development of the invasiveness of alien
species, the obtained results were used to create a mathematical model
of the invasion process in the local populations of U. pumila during
conditions of change the regional climatic conditions.

Fig. 3. Growth of the young trees of U. pumila
in the left-bank local population

The analytical dependence of the number of young plants of
U. pumila on the time, during which the trees in the left-bank local
population had been growing on the construction site, was described by
the following equation:

y=0,1063x"—1281,8x°+ 6 - 10°x4 —2 - 10'% +
+3-108%%-2-10"% +7- 10" (R?=98.3%),

where, y is the number of plants (a specimen); x — study period (year).

Several different types of simple regression models (linear,
polynomial, and logarithmic) were created, but they had a very low
degree of data approximation. Of these, the polynomial model has
revealed acceptable statistical estimates that allow predicting the
development of invasiveness of the alien species Asiatic elm, provided
that the current trends of climate change are maintained, in particular if
the air temperature rises compared to the climatic norm. The graphic
representation of the proposed polynomial model of the dependence of
number of the trees on the formation time of the left-bank local
U. pumila population has a sinusoidal character (Fig. 4).
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Fig. 4. Empirical and theoretical distribution of number of the trees by

the years in the left-bank local population of alien species U. pumila:

the thin solid line is empirical data, the thick line is a theoretical curve,
and the discontinuous line is a predicted curve

The creation of this graphic model was based on the assumption
that during the two years preceding the year of research (that is, in 2015
and 2016), the number of young plants in the left-bank local population
of U. pumila continued to increase, in other words, the tendency to
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increase in the invasiveness of the alien species persisted. The young
trees of Asiatic elm on the abandoned construction site in the right-bank
part of the city of Dnipro (the territory of the Gagarin Park) formed
dense thick thickets of seed origin, in which the plants’ density reached
alevel of 11,875 pieces *ha ™',

The age of the Asiatic elm young plants that formed the right-bank
local population ranged from 2 to 13 years. The wide range of variabi-
lity of height and stem diameter of U. pumila young plants was revealed
during the survey of the right-bank local population in the Gagarin Park
(Table 2).

Table 2
Morphometric parameters of plants
in the U. pumila right-bank local population

Treeage,  Number of trees, Tree Rootcollar  Stem diameter,
year % of total height, m  diameter,cm  cm(at 1.3 m)
2 10 24-54 1.8-20 04-0.6
3 26 51-69 20-23 0.5-0.7
4 10 6.7-9.0 20-24 0.6-09
5 16 32-49 12-22 08-14
6 10 6.0-72 2.8-39 12-20
7 6 40-4.6 38-55 2.8-4.0
8 5 68-73 68-7.8 6.8-73
9 4 62-6.5 72-8.0 63-69

10 4 6.5-69 78-84 6.8-75

11 4 57-6.6 13.8-15.5 9.5-112
12 3 9.1-98 16.5-18.0 11.5-12.6
13 2 89-93 21.0-22.5 122-12.5

Young plants aged from 3 to 5 years constituted the dominant
group in the right-bank local population of Asiatic elm on the site with
unfinished construction in the Gagarin Park. The obtained results testify
to intensive development of the right-bank local population during the
last 15 years preceding the research. The revealed dynamics of develop-
ment of the young plants’ local population indicates a progressive
character of the population and confirms the invasive status of the alien
species U. pumila.

The results of the study were used to create a mathematical model
for the development of the right-bank local population of U. pumila.
Various regression models were used to find the analytical expression
of the dynamics of the invasive process in the local population of the
alien species on the site in Gagarin Park. In comparison with other types
of regression models (linear, polynomial, logarithmic, and others), the
exponential model revealed acceptable statistical estimates. This model
allowed us not only to get an idea of the dynamics of the number of
Asiatic elm plants, but also to predict the development of invasiveness
in the case of the current trends of climate change.

The analytical dependence between the number of young plants of
seed origin in the right-bank local population of U. pumila and the time
of population development was described by the following equation:

y=exp (0.266653*x — 533.977) (R* = 84.4%),
where, y is the number of plants (a specimen); x — study period (year).

The mathematical model calculated for the right-bank local populati-
on of Asiatic elm has a high coefficient of determination (84.4%) and ade-
quately approximates empirical data with a significance level (P <0.001).

The graphic representation of the proposed model, describing the
dynamics of the development of U. pumila local population on the site
in Gagarin Park, was of an exponential nature (Fig. 5).

According to the created mathematical model, the number of the
young plants of seed origin in the right-bank local population of Asiatic
elm on the territory of Gagarin Park tends to increase up to 2020 inclu-
sive. The forecast was made that in 2020 the local population of the alien
species U. pumila on the site with unfinished construction in Gagarin Park
will increase 4 times in comparison with 2015, 15 times in comparison
with 2010, and more than 50 times in comparison with 2005.
Discussion

The specific feature of the Asiatic elm is that the phenological
phases of tree flowering and seed formation occur in early spring, and
that the seeds have a very short life span. Like recalcitrant seeds of other
plant species, seeds of U. pumila lose their ability to germinate after a

few months in the open air (Copeland & McDonald, 2012). Conse-
quently, the abundant appearance of U. pumila young plants of seed
origin could be due to the favourable climatic conditions for the
germination of seeds, the rapid growth of seedlings and the successful
wintering of young plants. It follows that the necessary conditions for air
temperature, relative humidity and other climatic factors should have
been present in the area of research at a time when the local populations
of U. pumila began to form, that is, in the last 15 years.
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Fig. 5. Empirical and theoretical distribution of number of the trees
by years in the right-bank local population of invasive alien species U.
pumila: circles are empirical data, the thick line is a theoretical curve,

and the discontinuous line is 95% confidence interval

Analysis of temperature curves (Fig. 2a) allows us to state that over
the previous years, an excess of the temperature norm was observed
during the periods corresponding to the beginning and the end of the
Asiatic elm plants’ vegetation. It is likely that this rise in air temperature
could have played a key role in initiating the invasion of alien species
U. pumila and the formation of both local populations on the abandoned
construction sites found simultaneously in two different parts of the city
of Dnipro. Our conclusion is supported by the results of an experiment
with 8 different species of shrubby and herbaceous plants, which
showed that the most common response to the effect of warming was
the acceleration of spring growth (Prieto et al., 2009).

Comparison of the graphic model of the Asiatic elm invasion process
in the left-bank local population with the meteorological data given above
(Fig. 2b) allowed us to conclude that the increase or decrease in the num-
ber of young plants of seed origin coincides, respectively, with the increa-
se or decrease in the amount of precipitation during the growing season.
Obviously, the functional traits of plants that determine the development
dynamics of the U. pumila left-bank local population were more sensitive
to the moisture of the environment, including anthropogenically transfor-
med soil on the site. Similar conclusions were made in studying the
relationship between leaf anatomy variations and local climatic conditions;
it was found that an approach that focuses on the functional traits of plants
can be an effective modeling tool for assessing the potential consequences
of climate change impacts on plant communities (Kiisteret al., 2011).
These assumptions are consistent with the data (Zamin et al, 2013; Lind-
ner et al., 2014) on the high level of influence of both rainfall and tempera-
ture on forest development.

Thus, the tendency for the increase in invasiveness, common to
both local populations of alien species U. pumila, was found to differ in
the nature of its manifestation due to the soil and microclimatic
conditions of the given urbolandscape. The growth in the number of
young plants of seed origin in the left-bank local population of Asiatic
elm has positively correlated with the amount of precipitation during the
vegetative period, together with an increase in air temperature relative to
the climatic norm. With regard to the right-bank local population of
U. pumila, we should expect an exponential growth in the number,
provided that the current trends of climate change continue. Differences
in the dynamics of two local populations of one species, located in
different microclimatic and soil conditions, do not contradict the data of
other authors. According to a report (Hanspach et al., 2010), generalized
linear models created using data on the distribution of the European
plant species and climatic parameters had different levels of reliability.
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The reason for this, according to the authors, was the dependence of the
reliability of the model on the functional characteristics of plants, as well
as the effect of ecology of the species.

At the same time, our study reflected the common problems that ac-
company the use of simple predictive models to assess the effects of
global phenomena, and which are are inevitable at the moment. So, accor-
ding to Prieto et al. (2009), extrapolation of the consequences of global
climate change to plant phenology is fraught with difficulties and inaccu-
racies, since various combinations of environmental factors occur simulta-
neously. Hanspach et al. (2010) take a similar view, believing that when
creating temporal or spatial predictions, uncertainty is inevitable, and pre-
diction errors can depend not only on the quality of the data and on the
modeling algorithm used, but also on the different characteristics of the
species.

Conclusion

Local populations of Asiatic elm found during the route surveys had a
seed origin, were at a considerable distance from the potential parent adult
trees, and consisted of young virgin and generative plants. It has been
established that the number of the young plants in the local populations
has been steadily increasing during the last 10-15 years, demonstrating the
invasive nature of the alien species U. pumila. Mathematical models of the
local population’s dynamics in two different ecotopes confirm the increase
in invasiveness of the alien species and predict the preservation of this
trend in the subsequent period of development of local populations of
U. pumila under the influence of climatic changes in the teppe Dnieper.

This work was carried out with the support of the State Fund for Fundamental
Research of the Ministry of Education of Ukraine (Grant No. F76/103-2017).
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Introduction

Sokolenko, V. L., Sokolenko, S. V., Sheiko, V. L, & Kovalenko, O. V. (2018). Interconnection of the immune system
and the intensity of the oxidative processes under conditions of prolonged exposure to small doses of radiation.
Regulatory Mechanisms in Biosystems, 9(2), 167-176. doi:10.15421/021825

This research studied the interrelationship between the immune and oxidative-antioxidant systems in a group of
individuals who had lived for a long time in areas contaminated with radionuclides after the Chernobyl catastrophe and
as a result experienced prolonged exposure to small doses of ionizing radiation. We have examined a group of 100
students aged 18-24, where 50 of them formed the control group and the remaining 50 belonged to the experimental
group as they arrived from the territories of enhanced radioecological control (IV radiation zone, density of soil
contamination by isotope '’Cs 3.7 x 10* — 18.5 x 10* Bg/m?). Here we determined the level of cortisol, leukocytes and
their populations, the levels of lymphocyte subpopulations with phenotypes CD3+, CD5+, CD4+, CD8+, CD16+,
CD72+, immunoregulatory index CD4+/CD8+, indicators of phagocytic activity of neutrophils and monocytes, 1gG
(H), IgM (H), IgA (H), malondialdehyde (MDA), ceruloplasmin (CP), transferrin (Tr), sulthydryl (SH); and also
calculated the oxidative stress index (OSI). We performed the analysis twice: in the absence/presence of additional
emotional stress such as an examination session. The studies showed an increase in the oxidative stress index in the
group examined from the experimental cluster, especially in terms of emotional stress. At the same time, the neutrophil
level increased, but phagocytic activity of neutrophils and monocytes, the relative and absolute number of lymphocytes
with phenotypes CD3+, CD5+, CD4+, CD4+/CD8+, and IgG levels decreased. Consequently we revealed the negative
correlation between the indexes of oxidative stress in the group of examined (the oxidative stress index (ISO)/the level
of malonic dialdehyde (MDA)) and the parameters of phagocytic activity of monocytes, the immunoregulatory index
CD4+/CD8+, and the number of lymphocytes with the CD16+ phenotype. In this study we demonstrated the decrease
in the participation of ceruloplasmin (CP) as an important antioxidant factor in maintaining the immune homeostasis of
the group examined from radiation-contaminated areas compared with control group. The evidence of this is the lack of
reliable correlation between ceruloplasmin level and immune system parameters. Moreover we found that radiation-
induced intensification of oxidative processes in the experimental group grew in conditions of additional stresses of an
emotional nature. Besides, it was accompanied by a significant correlation in the level of oxidative stress and
phagocytic activity parameters. Reducing phagocytic activity and the CD4+/CD8+ index on the background of
oxidative stress increase can be considered as a sign of immune system ageing, while a decrease in the number of
lymphocytes with the CD16+ phenotype is a sign of antitumor defense inhibition. Thus, we draw the conclusion that the
inhabitants of the territories of strengthened radioecological control, undergoing exposure to small doses of ionizing
radiation from birth, show a significant imbalance of redox homeostasis, which creates the preconditions for
immunoreactivity pathology development at the level of both innate and acquired immunity.

Keywords: Chernobyl accident; malonic dialdehyde; ceruloplasmin; T-lymphocytes; phagocytic activity; emotional stress

immune-competent cells are probable. Taking into account the
integrative activity of the immune system as a factor in maintaining the

The question of the medical status of the population living on the
territories contaminated by radionuclides as the result of the Chernobyl
catastrophe is quite controversial. At present, separate settlements of the
IV radiation zone are deprived of the status of being affected by the
Chornoby! catastrophe. However, some definite changes in the bodies
of the local population caused by chronic irradiation in low doses (due
to the soil activity of long-lived ¥'Cs isotope, inhaled radionuclides and
radionuclide intakes in food) may be manifested through a remote
period of time in the form of more or less pronounced pathologies or
pre-pathological conditions (Eheman et al., 2003; Davis et al., 2004). In
particular, this concerns the state of the immune system, where
significant radiation-induced structural and metabolic dysfunctions in

antigenic homeostasis of the body, any disturbances in one of its
components can be reflected in the work of the system as a whole
(Manuck et al., 1991; Sheikh Sajjadieh et al., 2009; Balogh et al., 2013).

The results of assessing the effects of major radiation catastrophes
really indicate the possibility of immediate and long-term effects on the
immune status of the affected people (Kusunoki & Hayashi, 2008;
Kusunoki et al., 2010). At the level of nonspecific protection factors,
adaptive or pathological changes induced by ionizing radiation are
possible (Wang et al., 2013).

It should be taken into consideration that ionizing radiation is
considered to be a very powerful stress factor, which potentially can
lead to a decrease in immunological surveillance (Duffner, 2004), and
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also to cause activation of oxidative processes (Nylund et al., 2014).
With additional exogenous effects of a stress character, the risk of
immune system impairment increases (Gleeson, 2007). In particular,
this relates to the psycho-emotional load, which is considered to be one
of the most common modern immune suppressants and stimulating
agents to trigger adaptive reactions in the body (Segerstrom & Miller,
2004; Viru & Viru, 2004; Filaire et al., 2009). In parallel, the risk of
further activation of oxidative processes increases. Indeed, chronic
neural-psychological stress, interacting with adverse environmental
factors, can lead to the formation of metabolic syndrome (Beckham et al.,
2003). It is known that oxidative stress is involved in the development of
metabolic syndrome (Roberts & Sindhu, 2009; Furukawa et al., 2017).

The oxidative processes in the body are normal physiological and
biochemical phenomena. In particular, they include the process of lipid
peroxidation. In this case, antioxidant systems provide realization of
these reactions within the limits of the homeostatic norm. Under
conditions of ionizing radiation influence, the development of oxidative
processes qualitatively different from spontaneous cells, is probable.
Radiolysis products with high oxidation or reduction activity can initiate
them. Radiation-induced oxidative processes are particularly clearly
manifested in cases of acute irradiation (Combs & Combs, 1986). In the
range of small doses, the consequences are rather ambiguous and,
obviously, depend on certain additional factors (Stone & Dratz, 1982).
Definitely, ionizing radiation, even in small doses, leads to the activation
of lipid peroxidation reactions, while the surplus of their products can
have a damaging effect, on the background of exhaustion of enzyme
and non-enzyme antioxidant systems (Dostert et al., 1991). In addition,
among people affected by radiation catastrophes, a significant decrease
in the level of haptoglobin in plasma as an important antioxidant
protection factor is observed (Nylund et al., 2014).

There is much evidence of the interaction between the immune sys-
tem and oxidative stress in terms of diseases of different etiologies.
Active forms of oxygen are involved in early T-cell activation and proli-
feration processes modulation. During chronic oxidative stress, neoanti-
gens that stimulate autoimmune reactions are formed (Stewart etal.,
2004; Laddha et al., 2013). Acute oxidative stress can suppress immuni-
ty and create preconditions for the development of oncological diseases
(Cooke et al., 2003; Reiche et al., 2005). Free radicals are produced by
the immune cells themselves to kill infectious factors. However, strong
oxidants, in particular, free radicals of oxygen, cause additional stressful
effects on natural resistance factors, which results in a decrease in their
response to antigens (Roy et al., 1991).

In our previous studies, typical signs of stress reactions among
individuals aged 18-24 years old who lived on the territory of enhanced
radiation control were marked, in particular, raised level of cortisol
(Sokolenko & Sokolenko, 2015), which increased further in conditions
of additional psycho-emotional stress (Sokolenko, 2015). As a result,
signs of immunosuppression were observed in this group, which were
accompanied by an imbalance of thyroid status and lipid metabolism,
changes in oxidative and antioxidant activity (Sokolenko & Sokolenko,
2015, 2017a; 2017b; Sokolenko 2016).

The purpose of the work is to find out the specifics of intercon-
nection between the parameters of immune and oxidative-antioxidant
systems in a group of inhabitants from the radiation-polluted territories
under conditions of additional psycho-emotional stress or its absence.

Materials and methods

We examined 100 persons, including a group of people from non-
contaminated areas (control group, 50 persons) and inhabitants of
territories of the strengthened radio-ecological control (IV radiation
zone, density of soil pollution with isotopes *’Cs 3.7 x 10*— 18.5 x 10*
Bg/n??, 50 persons). All those examined were students of Cherkasy
National University, aged 1824, at the time of research not having any
acute diseases. There was no statistically significant difference between
volunteers of different sexes (females were examined in the follicular
stage of the menstrual cycle), so they were considered as a single group
in the future. The winter examination session played the role of additio-
nal stress factor, which predetermined the development of psycho-

emotional load. 15 ml of venous blood was taken in the morning, before
cating. The first analysis of the blood parameters was made in the inter-
session period, the second after the first exam. Medical examinations
and blood were performed by qualified medical staff at “Edem”
sanatorium at Cherkasy National University and the biochemical
laboratory of the City Hospital Nel in Cherkasy.

The research was conducted in compliance with the ethical
principles of the European Convention and the Helsinki Declaration,
those examined agreed to be tested and that the results should be
published. The cortisol content in serum was determined by immune
enzyme method using “BIO-RAD” set (the USA).

The total number of white blood cells was calculated in
Hemocytometer, absolute and relative number of their populations —
based on a blood smear (painting by Romanovskyi-Giemsa).

Expression of surface antigens by peripheral blood lymphocyte was
determined using the immune fluorescence method using monoclonal
antibodies to surface markers of immune cells LT1 (for evaluation of
the expression of pan T cell marker CDS), LT3 (for evaluation of the
expression of pan T cell marker CD3), LT4 (for evaluation of the
expression of T cell helper activity marker CD4), LTS (for evaluation of
the expression of T cell marker of effector / suppressor activity CDS),
LNKI16 (for evaluation of the expression of natural killer activity
marker CD16) and F(ab)2 -fragments of sheep antibody to mouse IgG
labeled with FITC (“Sorbent”, Moscow). The level of immune globu-
lins in serum was determined by radial immune diffusion on Manchini
using monospecific serums against IgG (H), IgM (H), IgA (H).

The phagocytic index (FI is the average number of microorganisms
absorbed by one leukocyte) and phagocytic number (FF — the rate of
phagocytic leukocytes, which means the number of leukocytes with
phagocytic activity to 100) of neutrophils and monocytes were
calculated for their ability to absorb yeast cells (SNL “GRANUM”,
Kharkiv) with smear painting by Romanovskyi-Giemsa.

We studied the components of oxidative processes and antioxidant
system in accordance with the method (Korol & Myhal, 2012). And
there determined the content of malondialdehyde (MDA), ceruloplas-
min (CP), transferrin (Tr) and sulthydryl (SH) groups.

The calculation of the oxidative stress index (OSI) was made by
formula: OSI=MDAe/MDAc: [(CPe / CPc + Td/ Trk + SHd / SHk):
3], where OSI is an index of oxidative stress; MDAe — the content of
MDA in the experimental group; MDAc — MDA in the control group
(average); CPe - content of CP in the experimental group; CPc — CP in
control group (average); Tre — content of Tr in the experimental group;
Trc — Tr in the control group (average); SH — the content of SH in the
experimental group; SHc — SH in the control group (average); 3 —
number of components (Korol & Myhal, 2012).

The data are expressed as mean + standard error (M + SE). One-
way ANOVA was performed to detect statistical significance. Differen-
ces with P < 0.05 were considered significant. Correlation analysis was
performed using the Pearson correlation coefficient.

Results

It was established that the analyzed parameters in the control group
were within the limits of the homeostatic norm. People, who had lived on
the territories of enhanced radio-ecological control for a long time and
were subjected to prolonged exposure to ionizing radiation in small doses
showed a significant increase in relative and absolute number of stab and
segmental neutrophils, eosinophils and decrease in the relative and absolu-
te number of lymphocytes, phagocytic number of neutrophils, phagocytic
index and phagocytic number of monocytes compared with the control
group. Also, in the analyzed group, there was a relative suppression of the
T-cell immunity, which manifests itself in a decrease of the relative and
absolute number of lymphocytes expressing antigens of CD3, CDS5, CD4
and CD16. Decreased immune regulatory index CD4+/CD8+ and increa-
sed serum immunoglobulin IgG concentration was marked (Table 1).

The analysis of the oxidative-antioxidant balance of the examined
groups showed that the level of malondialdehyde in the experimental
group had a tendency to increase; however, the difference with the control
group did not have any statistical significance. Alongside this, there is no
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significant difference from the control data for ceruloplasmin and transfer-
rin; the content of sulthydryl compounds was significantly lowered (Table 1).
Under conditions of increased psycho-emotional stress caused by
the examination sessions, in the control group there were observed
changes that did not lead to overrunning of the homeostatic norm. People
undergoing prolonged exposure to small doses of ionizing radiation
showed a significant increase in the relative and absolute number of stab
and segmental neutrophils; reduction of the relative and absolute
number of lymphocytes, lymphocytes with phenotypes CD3+, CD5+,
CD4+, CD16+, immune regulatory index CD4+/CD8+, serum IgG,
phagocytic index and phagocyte number of neutrophils and monocytes.
There was also a tendency to increase in the level of malondialdehyde

Table 1

in the control group and a significant increase of the parameter in the
group of students who came to study from the territories of enhanced
radio-ecological control. That is, peroxidation in this group was more
intensive. In both groups, it was compensated by a significant increase
in the content of sulthydryl compounds in serum, however, in the
experimental group; the index remained significantly lower than in the
control before and after the psycho-emotional load (Table 1).

In the examined students from both groups there were no signify-
cant changes in ceruloplasmin. As a result, in the group of people who
suffered chronic exposure to small doses of ionizing radiation, the index
of oxidative stress increased significantly in comparison with the control
group both before stress and after psycho-emotional load.

Coefficient of cortisol, immune and oxidative-antioxidant systems of the examined students

Components

Control,n=50, M+ SE

Experimental group: people undergoing prolonged influence of
small radiation doses, n =50, M + SE

before emotional stress during emotional stress before emotional stress during emotional stress
Cortisol, nmol /1 351.12+10.136 80125+ 12.541 * 633.48+22.156 * 884.97 + 14.884 * **
Leucocytes, x 10° /1 6.60+0.067 6.61 +£0.055 691 +0.065 * 7.07+0.166 *
Lymphocytes, % 26.52+0.278 26.15+0.285 23.52+0275* 2036 +0.397 ***
Lymphocytes, x 10°/1 1.80+0.036 1.73+0.035 1.66+0.041 * 1.26+0.046 * **
Monocytes, % 5.71+0.296 524+0310 6.12+0244 5.56+0.239
Monocytes, x 10° /1 0.41+0.035 0.40+0.041 043+0.019 0.40+0.045
Stab neutrophils, % 3.55+0275 4.02+0.302 4.59+0.061* 7.15+0.163 ***
Stab neutrophils, x 10° /1 025+0.013 0.29+0,024 0.31+0,019* 041+0.029 ***
Segmental neutrophils, % 62.85+0.496 63.97 £0.587 65.22+0481* 67.33£0.496 ***
Segmental neutrophils, x 10°/1 4.18+0.066 4.34+0.089 447+0.052* 6.03 +£0.096 ***
Basophils, % 0.12+0.071 0.15+0.079 0.34+0.101 0.41+0.105
Basophils, x 10°/1 0.01 +0.005 0.01+0.007 0.02+0.009 0.02 +0.009
Eosinophils, % 1.12+0.298 1.23+0.310 231+0206* 2.86+0.225 *
Eosinophils, x 10°/1 0.07+0.018 0.09+0.021 0.12+0.012 * 0.14+0.021
Phagocytic index of neutrophils 5.71+0.305 5.75+0.387 4.70+£0.301* 3.77+£0.294 * **
Phagocytic number of neutrophils 76.05+0.497 76.92+0.524 74.52+0.723 71.37+0.755 ***
Phagocytic index of monocytes 5.50+0417 5.39+0.594 3450410 * 247 £0.159 ***
Phagocytic number of monocytes 75.33+0.498 74.85+0513 7136 +0.687* 68.75+0.801 ***
CD3", % 66.02+0.457 63310410 * 62.55+0.610 * 5427 +1.156 ***
CD3",x10°/1 1.12£0.027 1.06 +0.033 1.00+0.028 * 0.72+0.061 ***
CD5%, % 69.51+£0.597 68.99+0315 65.69+0.594 * 60.36£ 1.113 ***
CD5",x 10°/1 1.36+0.033 1.25+0.054 1.13+£0.031 * 0.75+0.073 * **
CD4", % 40.29 +0.406 3333+£0455* 33.77+0.597 * 2774+ 1.145 * **
CD4%,x10°/1 0.80+0.018 0.69 +0.058 0.60+0.021 * 0.35+0.031 ***
CD8'", % 2748 +0.406 2345+0310* 26.85+0.394 26.01+£0.518 *
CD8",x10°/1 049+0.019 044 +0.021 049+0.018 0.44+0.036
CD4'/CD8" 1.67+£0.031 1.40+0.022 * 1.38+0.031 * 1.13+£0.029 ***
CDI16', % 18.55+1.023 10.61£0.195 * 1471 +£1.045* 1022+ 1.096 ***
CD16%,x10°/1 0.35+0.041 0.19+0.021 * 025+0.017 * 0.10+0.018 ***
CD72%,% 9.88+0.178 9.63+0.199 10.33£0.365 9.64+1.012
CD72%,x 10°/1 0.17+0.015 0.16+0.014 0.19+0.021 0.15+0.026
IgG, mg/ml 10.15+0.198 872+0.136 * 11.37+0464 * 649+0.991 ***
1gM, mg/ml 1.66+0.122 1.47+0.041 1.89+0.145 1.81+0.154 *
IgA, mg/ml 1.81+0.096 1.77+0.055 1.70+0.096 1.64+0.099
Malondialdehyde (MDA), mmol /1 12541427510 150.75 +36.410 13631 +14.145 200.65 +24.142 **
Ceruloplasmin (CP), g/1 024+0.018 0.27+0.029 022+0.026 021+0.022
Transferrin (Tr) cond. un. 533+1.012 550+1.018 4.39+0.896 425+1.151
SH-groups, mmol /1 2.52+0.027 2.73+0.068* 1.70+0.042 * 2.00+0.061 ***
Oxidative stress index (OSI), un. 1.03 +0.041 1.10+0.053 141+0.048 * 1.95 +0.059 ***

Notes: * —P <0.05 compared to control; ** —P < 0.05 compared to the coefficient before psycho-emotional load.

Correlation analysis in the inter-session period, under the conditions
of absence of additional psycho-emotional load ( the graphs show the
most informative correlations), showed that there was a significant
positive correlation between the level of malonic dialdehyde and the
relative and the absolute number of neutrophils. A similar correlation with
the level of neutrophils was noted for the index of oxidative stress, and the
value of the correlation coefficient is slightly higher. However, the correla-
tion of malonic dialdehyde index and index of oxidative stress with
phagocytic activity of neutrophils (phagocytic index and phagocytic num-
ber) is negative and doesn’t have any statistical significance (Fig. 1).

A slightly different situation is typical for correlations of another
population of professional phagocytes of peripheral blood — monocytes.
Their correlation (both relative and absolute) with the level of malonic
dialdehyde and the index of oxidative stress was negative, and the reliabi-
lity of the correlation coefficient was noted for the phagocytic index and

phagocytic number of monocytes (Fig. 2). The analysis of correlations
between indices of oxidation-antioxidant system of the persons examined
and lymphocyte subpopulations of peripheral blood showed the follo-
wing: the malonic dialdehyde and oxidative stress index negatively corre-
lated with the relative and absolute number of lymphocytes with phenoty-
pes CD3+, CD4+, CD8+, CDI16+, and immunoregulatory index
CD4+/CD8+. Correlation with the level of T lymphocytes with CD8+
phenotype was not statistically significant. In all cases, the negative
correlation with the indices of oxidative stress was higher than with
malonic dialdehyde level. The highest value of the correlation coefficient
was noted for the immune regulatory index CD4+/CD8+ (Fig. 3, 4).

The analysis of correlations, conducted under the conditions of addi-
tional psycho-emotional load (during the examination session), showed an
increase of the interdependence between the analyzed indices, which was
manifested by the increase in the values of the correlation coefficient
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(Fig. 5-8). Negative correlations between the indices of oxidative stress
and the indices of phagocytic activity of neutrophils (phagocytic index and
phagocytic number) were statistically significant (Fig. 5).
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Fig. 1. Correlation between the level of neutrophils, their phagocytic
activity and the level of malondialdehyde (black) / oxidative stress index
(white) in the group of people who suffered prolonged exposure to
small doses of ionizing radiation, to emotional stress (n = 50):

** _ reliability of the correlation coefficient, P <0.01;

**+% _ reliability of the correlation coefficient, P <0.001
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Fig. 2. Correlation between the level of monocytes, their phagocytic
activity and the level of malondialdehyde (black) / oxidative stress index
(white) in the group of people who suffered prolonged exposure to
small doses of ionizing radiation, to emotional stress (n= 50):

* — reliability of the correlation coefficient, P <0.05;

** _reliability of the correlation coefficient, P <0.01
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Fig. 3. Correlation between the level of lymphocytes with phenotypes
CD3+, CD16+ and the level of malondialdehyde (black) / oxidative
stress index (white) in the group of people who suffered prolonged
exposure to small doses of ionizing radiation, to emotional stress
(n=50): ** —reliability of the correlation coefficient, P <0.01;
***k _ reliability of the correlation coefficient, P < 0.001
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Fig. 4. Correlation between the level of lymphocytes with phenotypes
CD4+, CD8+, the immunoregulatory index CD4+/CD8+ and level of
malonic dialdehyde (black) / oxidative stress index (white) in the group
of people who suffered prolonged exposure to small doses
of ionizing radiation, to emotional stress (n = 50):
**% _ the reliability of the correlation coefficient, P <0.001
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Fig. 5. Correlation between the level of neutrophils, their phagocytic
activity and the level of malonic dialdehyde (black) / oxidative stress
index (white) in the group of people who suffered prolonged exposure
to small doses of ionizing radiation during emotional stress
(n=>50): * —reliability of the correlation coefficient, P < 0.05;

** _ reliability of the correlation coefficient, P < 0.01;

*** _ the reliability of the correlation coefficient, P < 0.001
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Fig. 6. Correlation between the level of monocytes, their phagocytic
activity and the level of malonic dialdehyde (black) / oxidative stress
index (white) in the group of people who suffered prolonged exposure
to small doses of ionizing radiation during emotional stress:

* — reliability of the correlation coefficient, P < 0.05;

** _ reliability of the correlation coefficient, P < 0.01
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Fig. 7. Correlation between the level of lymphocytes with phenotypes
CD3+, CD16+ and the level of malonic dialdehyde (black) / oxidative
stress index (white) in the group of people who suffered prolonged
exposure to small doses of ionizing radiation during emotional stress;
*** _ the reliability of the correlation coefficient, P < 0.001

The analysis of the correlation between the indices of the oxidative-
antioxidant system and the level of serum immune globulins showed that
during the inter-session period, the values of the coefficient were positive,
however, they had no statistical significance (Fig. 9). Under conditions of
additional psycho-emotional loading, the value of the correlation
coefficient between the level of malonic dialdehyde, the oxidative stress
index and the levels of serum immune globulins IgG and IgM changed
the sign to negative; regarding IgG, the index has become statistically
significant.

The statistical significance of the correlation between the level of
ceruloplasmin as an important antioxidant factor and the analyzed
immune system parameters was noted only for the control group during
the period of intensified psycho-emotional stress (as to immune regu-
latory index CD4+/CD8+, the phagocytic index of neutrophils, relative
and absolute number of lymphocytes with the CD16+) (Fig. 10, 11).
Discussion

Persons who had lived for a long time in the areas contaminated by
radionuclides experienced the signs of a chronic stress state. In particu-
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lar, we observed an increased level of cortisol and oxidative stress index.
The increase in the oxidative stress index was, in turn, provoked by a
tendency to increase of malondialdehyde (MDA) on the background of
the absence of significant changes in the level of transferrin, ceruloplas-
min, as well as a significant reduction of an important protector of oxide
process — sulthydryl compounds. Under the conditions of intensified
psycho-emotional load, the intensification of stressful activity was marked.
This is evidenced by further increase in the level of stress markers —
cortisol and MDA (Table 1).
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Fig. 8. Correlation between the level of lymphocytes with phenotypes
CD4+, CD8&+, the immunoregulatory index CD4+/CD8+ and the level
of malonic dialdehyde (black) / oxidative stress index (white) in the
group of people who suffered prolonged exposure to small doses of
ionizing radiation during emotional stress (n = 50):

*¥% _ the reliability of the correlation coefficient, P < 0.001
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Fig. 9. Correlation between the level of serum immunoglobulins and the
level of malodialdehyde (black — before emotional stress, white — during
emotional stress) / oxidative stress index (striped — before emotional
stress, checked — during emotional stress) in the group of people who
suffered prolonged exposure to small doses of ionizing radiation
(n=150); ** —the reliability of the correlation coefficient, P < 0.01
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Fig. 10. Correlation between the level of ceruloplasmin and the
immunoregulatory index CD4+/CD8+ (black — before emotional stress,
white — during emotional stress), and also between ceruloplasmin and
phagocytic number of neutrophils (black — before emotional stress,
white — during emotional stress) in the control group (n = 50) and in the
group of people who suffered prolonged exposure to small doses of
ionizing radiation (n = 50); * — reliability of the correlation coefficient,
P <0.05; ** —reliability of the correlation coefficient, P <0.01

Increase in corticosteroids level is considered to be one of the most
common signs of stress, contributing to the adaptation of the body to
environmental changes and reflecting the response to various exogenous
stimuli (Filaire et al., 2009; Viru & Viru, 2004). Glucocorticoids are the
key factors in stress-induced changes in immunoreactivity. In general,

despite the differences in physical and psychological stress factors, their
biochemistry and the effects on the body are similar. Prolonged chronic
stress results in the same effects that are typical for acute stress conditions.
The indicated patterns apply, in particular, to immune system reactions to
stress factors (Butcher & Lord, 2004).

Today, the concept of “‘stress” is defined as the process of modified
biochemical homeostasis under the influence of psychological, physio-
logical or environmental stress factors. Any factor potentially dangerous
to the body can be classified as a stressor and may activate functioning
of homeostatic systems in the body (Rahal et al., 2014).
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Fig. 11. Correlation between the level of ceruloplasmin and the level of
lymphocytes with the CD16+ phenotype (relative and absolute number)
in the control group (n =50) and in the group of people who suffered
prolonged exposure to small doses of ionizing radiation (n = 50),
before (black) and during (white) emotional stress;

* —reliability of the correlation coefficient, P <0.05;

** _ reliability of the correlation coefficient, P <0.01

Definitely, ionizing radiation is among the recognized stressors (Duff-
ner, 2004), and it stimulates the development of oxidative processes and,
as a result, leads to the formation of oxidative stress (Stone & Dratz, 1982;
Combs & Combs, 1986; Nylund et al., 2014). However, the activation of
free radical processes (oxidative stress) is also a typical consequence of the
influence of stress factors of another nature (Rahal et al., 2014). In parti-
cular, there are findings of immunity inhibition and oxidative DNA da-
mage due to psychological stress (Cooke et al., 2003; Reiche et al., 2005).

Oxidative stress is associated with the etiopathogenesis of many
chronic diseases and plays an important role in the aging process (Ceconi
et al., 2003). One of the most common targets for oxidative stress are
lipids. Their oxidation leads to the formation of a number of secondary
metabolites able to exacerbate oxidative damage to biomolecules (Uchida,
2000). Malonic dialdehyde (MDA) is the main well-studied product of the
peroxidation of polyunsaturated fatty acids. It is not only a marker of
oxidative processes. The interaction of MDA with DNA and proteins is
potentially mutagenic and atherogenic (Del Rio & Pellegrini, 2005).
We indicated that liquidators of the Chemnobyl catastrophe consequences
had an increased level of malonic dialdehyde, which created the risk of
activation and of inflammatory processes and making them chronic (Eme-
rit et al., 1995). In addition, for this group, an increase of ceruloplasmin
and decrease of transferrin in serum was typical (Zueva et al., 2001).

Ceruloplasmin is the main carrier of copper in human plasma. This
protein participates in the reaction of the acute phase to stress, and it is
believed that some of its physiological functions remain questionable.
The antioxidant activity of ceruloplasmin is described (Wood et al., 2006),
but some findings suggest this protein may also have pro-oxidant effect
and cause oxidative modification of low density lipoprotein (LDL) (Fox
etal., 1995). In physiological conditions, ceruloplasmin is an important
factor in controlling membrane oxidation of lipids, preventing their peroxi-
dation (Taysi et al., 2002). A significant increase in ceruloplasmin level
may indicate an abnormally high oxidative stress (Cunningham et al.,
1995). Normally, the level of ceruloplasmin correlates with the level of
MDA and transferrin. Cerulloplasmin and transferrin are believed to be
important antioxidants that act in interconsistency (Memisogullant &
Bakan, 2004; Somogyi et al., 2007). Important antioxidant components
are sulthydryl groups SH (Birben et al., 2012).

Under the influence of stress factors, all components of the immune
response are included in the development of the adaptive response
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(Freestone et al., 2008; Bailey, 2016). Indeed, the examined persons
from the experimental group showed differences from the control group
in parameters of both non-specific and specific immunity.

A significant growth of absolute and relative number of stab and
segmental neutrophils on the background of a decrease in the relative
and absolute number of lymphocytes is another clear sign of a stressful
reaction of moderate intensity. Cortisol induces production of
neutrophils in the bone marrow and inhibits their apoptosis in the
peripheral blood (Butcher & Lord, 2004). At the same time, neutrophils
are one of the important factors in stimulating oxidative stress, which
includes myeloperoxidase — their lysosomal enzyme (Lutai et al., 2016).
The formation of phagocytes with signs of raised oxidative reactivity
may be evidenced by changes in lipid metabolism (Peluso et al., 2012).
A positive relationship between the level of lipid peroxidation and the
concentration of cholesterol in plasma is reported. Oxidative damage
correlates with the level of cholesterol of low density lipoprotein (Hs-
LDL) and triglycerides (Fernandez-Sanchez et al., 2011). Indeed, we
have already shown that the level of total cholesterol and He-LDL was
increased in the experimental group, and so, the level of Hc-LDL
positively correlated with the number of stab neurotrophils (Sokolenko,
2016; Sokolenko & Sokolenko, 2017a). This may indicate stimulated
by hypercholesterolemia activation in the development of neutrophils in
the bone marrow and spleen, which, in turn, creates preconditions for
the development of inflammatory reactions (Tall & Yvan-Charvet,
2015). Proinflammatory factors produced by monocytes and
macrophages are involved in the development of oxidative stress that
accompanies the process of obesity (Bondia-Pons et al., 2012).

The involvement of neutrophils to the development of oxidative
stress in the examined group was confirmed by a positive correlation
between the level of these leukocytes with the level of malonic
dialdehyde and the oxidative stress index, the value of the correlation
coefficient increased in conditions of additional psycho-emotional stress
(Fig.1, 5).

The increase in the level of neutrophils in the experimental group
was accompanied by a decrease in their phagocyte number and
phagocytic index (Table 1). Indicators of phagocytic activity negatively
correlated with the level of malonic dialdehyde and the oxidative stress
index, in terms of psychoemotional load, the correlation with the index
of oxidative stress acquired statistical significance (Fig. 1, 5). Statisti-
cally significant correlation of malonic dialdehyde and oxidative stress
index with indicators of phagocytic activity of another population of
professional phagocytes — monocytes (both in conditions of additional
psycho-emotional load presence/absence) was negative (Fig. 2, 6).

The literature gives contradictory data on the sensitivity of the phago-
cytic component of the natural resistance of the body to the effects of
ionizing radiation, especially of low intensity (Liu et al., 2013; Wang et al.,
2013; Wunderlich et al.,, 2015; Pinto et al., 2016). In chronic low-dose irra-
diation, neutrophil level often increases on the background of weakening
of monocytic and lymphatic reactions (Jahns et al., 2011; Heylmann et al.,
2014). However, radiation-induced stimulation of proliferative activity of
granulocytic hemoptysis is accompanied by a significant number of errors
in mitosis (Ghosh & Pyasi, 2016). One of the reasons may be radiation
induced free radical processes.On the one hand, free radicals, formed as a
result of oxidative processes, are involved in the process of neutrophils and
macrophages phagocytosis On the other hand, oxidative stress, acting on
certain nuclear factors of phagocytes, may negatively affect their activity.
The autocatalytic free radical process, which is marked by MDA level, is
peroxide oxidation of lipids, which damages the membranes of immune
cells and leads to changes in their metabolic activity, the ability to recog-
nize antigens, etc. (Knight, 2000).

Oxidative stress related to the etiopathogenesis of many chronic
diseases plays an important role in the aging process (Ceconi et al.,
2003) and has recently been considered to be its biomarker (Pandey &
Rizvi, 2010). On the other hand, in the group of elderly people we note
suppressing of phagocytosis by cortisol, which leads to inhibiting the
production of active forms of oxygen by neutrophils. To the signs of
ageing we also refer a decrease in the number of Toll-like receptors on
macrophages, and, accordingly, a decrease in their phagocytic activity
(Butcher & Lord, 2004). Thus, stress-induced inhibition of phagocytic

activity of neutrophils and monocytes on the background of raised
cortisol level in the group of students examined from the territory of
enhanced radio-ecological control can be characterized as a sign of
immune system ageing.

To estimate the potential acceleration of the ageing processes,
stimulated by oxidative stress and associated pathological processes
(obesity, tumors, diabetes) the antioxidant capacity of blood plasma is
marked (Pandey & Rizvi, 2010). One of its important indicators is the
level of ceruloplasmin. The antioxidant function of ceruloplasmin in
immune processes is caused by the ability to interact with oxygen
radicals. In this case, the cells are protecting themselves from excessive
peroxidation of lipids with superoxide and other radicals released by
neutrophils and macrophages during the inflammation reaction. There
are data as to ceruloplasmin participation in direct regulation of
oxidative metabolism of phagocytes due to the impact on enzymes
associated with their plasma molecule (Saenko et al., 1994). An increase
of ceruloplasmin in serum helps to increase the phagocytic activity of
neutrophils (Munoz et al., 2007), however, it can also lead to a decrease
of their level in peripheral blood flow (Turnlund et al., 2004).

In our case, ceruloplasmin significantly correlated with the phago-
cytic index of neutrophils only in the control group under conditions of
additional emotional stress (Fig. 10). Its level in the experimental group
did not differ significantly from the control, and it did not change in
conditions of additional emotional load. Taking into account the
increased oxidative stress index in this group, this effect may indicate
the leveling of this important antioxidant system factor in maintaining
proper redox homeostasis and the activity of congenital immunity
factors under prolonged influence of small doses of ionizing radiation.

The detected decrease of relative and absolute number of T-
lymphocytes with CD3+, CD5+, CD4+ and immune regulatory index
CD4+/CD8+ in the experimental group in comparison with the control
corresponds with the literature as to selective elimination of the most
radiolucent subpopulations of lymphocytes (Frenkel et al., 2005).

Antibody CD3 is a major marker of functionally mature T-lympho-
cytes and it is absolutely essential for the activation of af8-TCR T-cell
receptor (Dopfer et al., 2014). Antibody CD5 plays an important role in
the control of T-lymphocyte autotolerance (Henderson et al., 2015) and
also in the regulation of integrated T-cell and B-cell homeostasis due to
interaction with antigen CD72 (Zheng et al., 2014). Antigen CD4 is a
marker of helper T-lymphocytes — a subpopulation that triggers the
formation of the acquired immune response, stimulates B cells to
antibody production, triggers and supports the reactions of effector
CD8+ -T cells, regulates the macrophage function and, at the same
time, interacts with them, provides a comprehensive immune response
against a wide range of pathogenic microorganisms, controls its
intensity and duration. Lymphocytes with the CD4+ phenotype are
important mediators of immunological memory, when their number is
reduced or their function is depressed, the individual becomes more
susceptible to a wide range of infectious factors (King et al., 2008; Zhu
et al., 2010; Yamane & Paul, 2012). T-cells with the CD4+ phenotype
have an increased susceptibility to radiation-induced selective elimina-
tion (Sheikh Sajjadich et al., 2009). The revealed negative correlation
between the number of T-lymphocytes with the phenotypes of CD3+,
CD4+ and the indices of oxidative processes in the experimental group
(MDA level and the oxidative stress index) affirms the possibility of
participation of lipid peroxidation oxidation activation under conditions
of chronic radiation exposure in small doses. The effect is intensified in
the conditions of an additional psycho-emotional load, as is shown by
the growth in the value of the correlation coefficient (Fig. 3,4, 7, 8).

According to the literature, the level of MDA and other oxidative
factors may affect the proliferative activity of lymphocytes (Lee &
Wan, 2000). Oxidative factors produced by phagocytes can induce
early expression of genes and proliferation of T-lymphocytes, as well as
determine their immune competence. In particular, it concerns helper T-
cells (Staite et al., 1987). Excessive free radical and oxidative factors
can damage the DNA and the integrity of cell membranes of immune
cells (Backer & Weinstein, 1980).

The absence of a reliable correlation with the oxidation parameters
of the second major subpopulation of functionally-mature T-lympho-
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cytes with the CD8+ phenotype can be explained by their relative radio
resistance (Bogdandi et al., 2010). T-lymphocytes with the CD8+
phenotype are able to produce suppressor influence, have an acute
cytotoxic activity against infected and tumor cells (Joosten et al., 2007,
Kapp & Bucy, 2008; Joosten et al., 2010; Davidsson et al., 2013; Boer
et al. 2015). There is information as to the activation of CD8+ T cells in
conditions of obesity (Nishimura et al., 2009), and the proatherrogenic
changes in the lipid profile that we earlier revealed, could be respect-
tively involved in the implementation of the revealed effects on T-cell
immunity.

The interrelation of lymphocytes with phenotypes CD4+ and CD8+
(immune regulatory index CD4+/CD8+) now is considered to be an
important indicator of optimal activity of specific immunity or develop-
ment of certain diseases (such as cancer), and it is also a marker of suscep-
tibility to exogenous influences (Kidd & Vogt, 1989; Tinago et al., 2014).
In our case, the reliable negative correlation of the immunoregulatory
index with both the level of malonic dialdehyde and the oxidative stress
index is observed (Fig. 4). The value of the correlation coefficient increa-
sed with additional emotional stress (Fig. 8). Taking into account the
significant positive correlation between the immunoregulatory index and
the level of ceruloplasmin in the control group (under conditions of emo-
tional stress), we can talk about the importance of the antioxidant system
in maintaining the balance of T-cell immunity. The absence of such a
correlation in the experimental group indicates the inhibition of their redox
homeostasis (Fig. 10).

Reduction in the CD4+/CD8+ index may be another sign of
immune system ageing (Bellingrath et al., 2010; Nakata et al., 2011). As
noted above, ageing of the immune system is also characterized by
activation of oxidative processes. The ability of the body to maintain
proper functional activity and the processes of T-lymphocytes different-
tiation largely depends on the ability to counteract the excessive
peroxide oxidation of lipids (Wang et al., 2011). Taking into account the
overrunning of CD4+/CD8+ immune regulatory index the lower limit
of homeostatic norm (in conditions of additional emotional load), in
many examined from the territory of enhanced radio-ecological control,
we can speak about the preconditions for the development of their
immunodeficient states, caused as well by stress-induced activation of
oxidative processes.

One of the significantly lowered parameters in the experimental
group compared to the control (with subsequent decrease in conditions
of additional psycho-emotional loading), is the level of lymphocytes
with the phenotype CD16+ (Table). Antigen CD16 is an important
marker for natural killers (NK cells) (Romee et al., 2013). Natural killers
are characterized by their high cytolytic activity against tumor cells and
function on the edge of congenital and acquired immunity (Subleski
etal, 2011). In the experimental group, the cells with the CD16+
phenotype showed a significant negative correlation with the level of
malonic dialdehyde and the oxidative stress index, besides, the value of
the correlation coefficient increased with additional psycho-emotional
stress (Fig. 3, 7). In the control group, under the conditions of psycho-
emotional stress, a significant positive correlation between the number
of lymphocytes with the CD16+ phenotype and the level of
ceruloplasmin was noted. For people from the experimental group, the
effect was not marked (Fig. 11). According to the literature, natural
killers have the highest level of ceruloplasmin expression on the mem-
branes among all lymphocytes. So, these immune system cells have a
greater potential for the anti- or prooxidant activity of the body's natural
resistance (Banha et al., 2008). Thus, the individuals who have undergo-
ne prolonged influence of small doses of ionizing radiation, have inhibi-
ted function of lymphocytes with the CD16+ phenotype involvement in
maintaining redox homeostasis under additional stressful effects.

The analysis of the humoral immunity revealed a significant
correlation with the indices of oxidative processes in the experimental
group: a negative correlation between the serum IgG level and the level
of malonic dialdehyde and the oxidative stress index, in conditions of
additional psycho-emotional stress (Fig. 9). Increased levels of IgG
compared to controls, have been observed in the group of students
examined from the territories of enhanced radio-ecological control,
which was characterized as a compensatory factor of the cellular

immunity parameters decrease (Table 1). In addition, according to the
literature, the increase in the level of IgG autoantibodies against oxidized
low density lipoproteins, on the background of the growth level of malo-
nic dialdehyde is possible (Leonard & Maes, 2012). In conditions of
psycho-emotional stress, the level of IgG in the experimental group signi-
ficantly decreased (Table 1). Taking into account the revealed correlations,
one can make assumptions about the participation in this effect the further
intensification of oxidative processes.

The growth of correlation interrelationship between the analyzed
parameters of the immune system of the students examined from the
experimental group and oxidation-antioxidant balance in terms of
psychoemotional stress confirms the further intensification of oxidative
processes induced by the chronic effects of low doses of radiation.
Ionizing radiation is a recognized physical factor for the development of
free radical processes and oxidative stress (Stone & Dratz, 1982; Combs
& Combs, 1986; Robbins & Zhao, 2004; Nylund et al., 2014). The
initiation of response to physiological and physical stress factors is often
subconscious and of a purely biological nature (Filaire et al., 2009).
However, the increase in the level of anxiety to the verge of depression
in 10.0-20.6% (according to different criteria and depending on the age)
of Ukrainian schoolchildren aged 7-17 years who are inhabitants of
areas contaminated with radionuclides, testifies the presence of additio-
nal emotional reactions (Contis & Foley, 2015). Psychological stress
factors provide an additional cognitive assessment with the prediction of
adverse effects and are also evaluated as a risk factor for the organism,
which allows for coordinated behavioural and physiological responses
(Filaire et al., 2009).

In depressive states, oxidative stress is often the result of a
biological imbalance between active forms of oxygen and antioxidants
formed during the activation of immune factors. The inability of cells to
adapt to the changes in redox homeostasis and their subsequent death
stimulate the inflammation processes. Accordingly, the activation of
immune proinflammatory factors and increased oxidative stress act
synergistically in the pathogenesis of depression (Leonard & Maes,
2012; Bakunina et al., 2015).

Intensive physical activity can also activate oxidative stress. In this
case, there are certain bonds between the oxidizing factors, the antioxi-
dant system and the cellular immune response. In particular, athletes 30
minutes after training check peroxidation, an increase in antioxidant
parameters and a decrease in the number of T-lymphocytes with the
phenotypes CD3+, CD4+, CD8+, as well as NK cells. Mechanisms
underlying the revealed changes are considered multifactorial and
related not only to hormonal and metabolic changes due to muscle
activity but also to oxidative stress reactions and changes in gene
expression (Vider et al., 2001). In our previous research there was
observed a moderate decrease in the cellular immunity indices for
students from territories contaminated with radionuclides during
physical training (Sokolenko & Sokolenko, 2016). However, such
changes were effectively restored and, apparently, were induced not by
oxidative processes, but by the migration of immune cells.

The involvement of their thyroid status in the revealed charac-
teristics of the interrelationship between the oxidative processes and the
immune system of the examined is possible. It is known that the thyroid
gland takes part in the development of oxidative stress by stimulating
several enzyme systems (De Vito et al., 2011), we also indicate the
possibility of the impact of this phenomenon on immune cells
proliferation and migration of (Barreiro et al., 2011). In our previous
reports, the relationship between the thyroid status of individuals from
radiation-contaminated territories, their lipid profiles and the immune
system was characterized (Sokolenko & Sokolenko, 2017a, 2017b).

For a detailed analysis of the development of oxidative processes
and their influence on the immune system at dosed physical loads of
moderate intensity, and also, depending on the thyroid status, additional
research is necessary.

In general we can mention that although reactive oxygen types are
associated with the pathogenesis of many diseases, their absence in
blocking free radicals release from activated phagocytes leads to a
violation of the ability of innate immunity factors to eliminate
pathogenic microorganisms. Thus, the balance between reactive oxygen
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types production and antioxidant protection factors is important (Ferrari
et al., 2011). The received data show some definite imbalance of this
process in the population of the territories contaminated by radionuc-
lides as a result of the Chernobyl accident.

Conclusions

The prolonged impact of small doses of ionizing radiation due to
prolonged residence on the territories contaminated by radionuclides as a
result of the Chernobyl accident leads to a stress-induced intensification of
oxidative processes, which in turn is reflected on the immune system.
Negative correlation of the oxidative stress index and the level of malon-
dialdehyde with the parameters of phagocytic activity of neutrophils and
monocytes, the immune regulatory index of CD4+/CD8+ and the number
of lymphocytes with the phenotype CD16+ testifies to the participation of
oxidative processes in reducing these parameters in individuals from
territories with enhanced radio-ecological control. Radiation-induced
intensification of oxidative processes grows in conditions of additional
stresses of an emotional nature and causes effects that are a sign of ageing
of the immune system and antitumor protection inhibition The people
undergoing the prolonged influence of small doses of ionizing radiation,
show an imbalance of redox homeostasis, which creates preconditions for
pathological development of immune reactivity both at the level of innate
and acquired immunity.
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Introduction

Kramarenko, S. S., Lugovoy, S. L, Kharzinova, V. R., Lykhach, V. Y., Kramarenko, A. S., & Lykhach, A. V. (2018).
Genetic diversity of Ukrainian local pig breeds based on microsatellite markers. Regulatory Mechanisms in
Biosystems, 9(2), 177-182. doi:10.15421/021826

Preserving the current diversity of the living material on Earth is fundamental for the survival of future generations .
A study was conducted to investigate the genetic diversity of Ukrainian local pig breeds. A total of 350 pigs
representing five local pig breeds from Ukraine (Mirgorod — MIR, Poltava Meat — PM, Ukrainian Meat — UM,
Ukrainian White Steppe — UWS and Ukrainian Spotted Steppe — USS) and one commercial breed (Duroc, DUR) were
sampled. Twelve microsatellite loci (SW24, S0155, SW72, SW951, S0386, S0355, SW240, SW857, S0101, SW936,
SW911 and S0228) were selected and belong to the list of microsatellite markers recommended by ISAG. The results
indicate that there exists, in general, a high degree of genetic variability within the five Ukrainian local pig breeds.
However, the genetic variability in the MIR and PM breeds was significantly lower (mean Na = 2.92-3.92; Ho =
0.382-0.411; Fis=0.178-0.184) than in the other three Ukrainian local pig breeds — UM, UWS and USS (mean Na =
5.00-8.42; Ho = 0.549-0.668; Fis = 0.027-0.066). Thirty-four private alleles were identified among the six analyzed
genetic groups which were distributed between 11 of the 12 loci. A high number of alleles typical for the breed (private
alleles) was observed in Duroc pigs — 9 alleles did not occur in Ukrainian local pig breeds. The HWE test showed that
all of the polymorphic loci deviated from HWE (P < 0.05) in at least one population. Loci S0355 (5), S0386 (4) and
SW24 (4) presented a higher number of populations in imbalance. The mean Fsr showed that approximately 77.8% of
the genetic variation was within-population and 12.2% was across the populations. The five Ukrainian local breeds
were classified into two major groups, according to the phylogenetic tree, which was based on standard genetic
distance. Overall, we found that 92.6% of the individual pigs were correctly assigned (324 out of 350) to the respective
breed of origin, which is likely a consequence of the well-defined breed structure. Probabilities from the allocation test
of individuals for the six pig genetic groups were estimated with Structure Harvester. In cluster 1 the highest grouping
probabilities were found for the MIR (0.917) and PM (0.750) breeds. Local breeds UM (0.824) and USS (0.772) were
grouped in cluster 2. Cluster 3 was related to the local pig breed USW (0.873). Cluster 4 presented high allocation
probabilities for the commercial pig breed Duroc (0.924). The obtained results are important for the future conservation
of Ukrainian local pig breeds.

Keywords: STR loci; genetic characterization; swine; Ukraine

Europe. Many of these (possibly more than 270 breeds) are now in
danger of extinction and others are threatened by inefficient use or loss

Preserving the current diversity of the living material on Earth is
fundamental for the survival of future generations. In the case of animals,
in the recent past, more and more effective breeding programmes have
been implemented, and have led to an emphasis on a few specialised
stocks. Consequently, breeds that are less suited to current needs tend to
see their numbers decline and to be eventually lost. Conservation of
variation, however, is necessary to meet future agricultural challenges and
particularly food needs, as well as to preserve the rich agricultural heritage
of the various regions of the world (SanCristobal et al., 2003).

Livestock populations have been subjected to a variety of
evolutionary forces during their histories. The cumulative effect of
foundation events, genetic drift and natural or artificial selection has led
to the formation of distinct breeds. In the process of evaluating genetic
diversity to develop conservation programmies, it is of interest to assess
genetic variation between domestic stocks by using powerful tools such
as genetic markers (Berthouly et al., 2008).

At present there are more than 730 breeds or lines of pigs
throughout the world and more than two thirds are found in China and

due to cross breeding. To evaluate genetic uniqueness and breed diversity
of pigs and assist in rationalising breed conservation programmes, mic-
rosatellites have been and remain efficient markers (Nidup & Moran, 2011).
Europe contains a large proportion of the world population of pigs
(circa 30%) as well as of the world genetic diversity of pigs (37% of the
breeds included in the FAO inventory). However, the European pig
industry relies predominantly on a limited number of breeds, since one
single breed, the widely known Yorkshire (Large White in many
countries), represents about one third of the slaughter pigs’ gene pool of
the European Union (Laval et al, 2000). Local breeds can be
considered cultural properties in relation to their role as historical
witnesses as they often play a central part in the agriculture tenures and
in the social life of rural populations. Local breeds can also be likened to
cultural properties because they contribute to the preservation of ancient
local traditions. The analysis shows that consistent differences can be
observed in the cultural values of local breeds, both as historical witness
and as custodian, today, of local traditions (Gandini & Villa, 2003).
It can be assumed that local breeds contain the genes and alleles per-

Regul. Mech. Biosyst., 9(2) 177



tinent to their adaptation to particular environments and local breeding
goals. Such local breeds are needed to maintain genetic resources per-
mitting adaptation to unforeseen breeding requirements in the future and
can serve as a source of research material (Romanov & Weigend 2001).

Microsatellite markers (MS) also referred to as short tandem
repeats (STR), short sequence repeats (SSR) or sequence tagged
microsatellite sites (STMS) contain repetitive sequences composed of
2-6 nucleotides. The most common motif in the pig genome is (CA),
and its number is estimated to range between 65,000 and 100,000
copies (Winterg et al., 1992). Microsatellites have been proposed as the
best markers for evaluating the genetic diversities of domestic animals
because of their abundant, even distribution in the genome, high
polymorphism and ease of genotyping. The International Society of
Animal Genetics (ISAG) and the Food and Agriculture Organization
(FAO) have recommended a set of 27 microsatellite loci
(www.toulouse.inra.fi/lgc/pig/panel/html) for evaluating the genetic
diversities of pigs as part of the global strategy for the management of
farm animal genetic resources (Hammond & Leitch, 1998).

The analysis of the MS loci showed that the allelic diversity pattern
among breeds was quasi-independent from the diversity pattern based
on allele frequencies. Genetic distances showed no particular clustering
of local with international breeds, confirming the genetic uniqueness of
the European local breeds compared to mainstream international breeds
(Ollivier, 2009). Within breeds of the same species (or within one
species) it is possible to spot the ancient or the most estranged from the
“protogene pool” groups of animals and, thus, to use these data in the
breeding strategy aimed at the preservation of animal forms close to the
ancestral form. Using various DNA markers, methods of genomic and
genetic breeding in nature conservation and genetic selection of domestic-
cated species provides an opportunity to obtain data on the genetic potenti-
al (value, originality) of the breed, which is important for scientific justify-
cation of its preservation (Stolpovskiy & Zakharov-Gezekhus, 2017).

Thus, the focus in this paper will be on the genetic diversity pigs of
five Ukrainian local and one commercial (Duroc) breeds assessed by
using genetic markers (microsatellite DNA loci).

Material and methods

This study was carried out to understand the molecular genetic
diversity of six swine populations in Ukraine. A total of 350 pigs
representing five local pig breeds from Ukraine (Mirgorod, MIR: n =
26; Poltava Meat, PM: n = 13; Ukrainian Meat, UM: n = 128;
Ukrainian White Steppe, UWS: n = 67 and Ukrainian Spotted Steppe,
USS: n = 25) and one commercial breed were sampled. The commer-
cial breed pigs (Duroc, DUR: n = 91) were included in the investigation
in order to complete the picture of the diversity existing in populations
of pigs in different origins. The samples, for both sexes (sows and
boars), were collected in five different region of Ukraine (Table 1).

Table 1
Sampling information
of five Ukrainian local and commercial pig breed

. Number
Breed Code Origin of samples
Mirgorod MIR  Poltava region 26
Poltava Meat PM  Lugans’k region 13
Ukrainian Meat UM  Kherson region 128
Ukrainian White Steppe = UWS  Kherson region 67
Ukrainian Spotted Steppe  USS ~ Kherson region 25
Duroc pur  Zaporizhzhyaregion, 91
Mykolayiv region

PCR analysis was carried out on DNA extracted from 350 ethanol-
fixed small tissue samples (pieces of ear). A DNA extraction using the
Nexttec Clean Column kit (Nexttec, Leverkusen, Germany) was
performed according to the manufacturer’s instructions. Genomic DNA
was extracted based on the Zinovieva and Gladyr’s (2011) protocol,
with minimum adaptations.

Twelve microsatellite loci (SW24, S0155, SW72, SW951, S0386,
80355, SW240, SW857, S0101, SW936, SW911 and S0228) recom-

mended by the International Society for Animal Genetics (ISAG) were
used to analyze the genetic diversity of six Ukrainian swine breeds.
Electrophoresis was conducted using an ABI 3130x] Genetic Analyzer
(Applied Biosystems, USA). The size of each allele was visualized and
determined by GeneMapper version 4.0 software (Applied Biosystems,
USA). The DNA of the samples were stored in the DNA Bank of the
Federal Science Center for Animal Husbandry named after Academy
Member L. K. Ernst where this experiment was developed.

In the analysis of the genetic variability within and between Ukrai-
nian swine breeds, the GenAIEx version 6.5 software (Peakall &
Smouse, 2012) was used to calculate population genetic parameters
such as: allelic frequencies observed (Ho) and expected heterozygosity
(He) for each locus. The effective allele number (4e) for each swine
breed or locus was calculated using the following formula:

Ae=1/(1-He),
where He corresponds to the expected heterozygosity for each swine
breed or locus, respectively.

We determined levels of genetic differentiation within and among
six Ukrainian pig populations using the indices proposed by Weir &
Cockerham (1984): Fir (=F), Fsr (=0) and Fs (=f) in FSTAT version
2.9.3 software (Goudet, 2002). The bootstrap values were obtained to
estimate the statistical signifycance for each of the indices by permuta-
tion test (999 permutations).

GENEPORP version 4.2 software (Rousset, 2008) was used to find a
significant deviations form Hardy-Weinberg equilibrium (HWE) per
breed and locus using Markov chain algorithm (Guo, Thompson, 1992)
with 10,000 dememorizations, 200 batches and 5,000 interactions per
batch (the exact test).

The genetic relation between swine breeds was estimated based on
Nei (1972) standard genetic distances using the GenAlEx version 6.5
software (Peakall & Smouse, 2012). A frequency-based population
assignment-test (Paetkau et al., 1995) was carried out and the leave-one-
out procedure was used the GenAIEx version 6.5 software (Peakall &
Smouse, 2012).

A dendrogram (hierarchical tree diagram) was created using the
UPGMA method (Unweighted Pair Group Method with Arithmetic
Mean) (Sneath & Sokal, 1973). Bootstrap analyses (with 999 permutati-
ons) were used to estimate the internal consistency of the suggested
groupings in the PAST version 3.01 software (Hummer et al., 2001).
A Principal Coordinate Analysis (PCoA) was done to visualize the
geometric relationships among the Ukrainian swine breeds using
GenAIEx version 6.5 software (Peakall & Smouse, 2012).

Population genetic structure of the swine breeds was investigated
using Pritchard et al. (2000) algorithm implemented in Structure version
2.2 application based on the multilocus microsatellite genotypes. The
Structure software is able to determine genetically distinct clusters
(populations of origin, K) of the sampled pigs.

Based on the Markov chain Monte Carlo method (MCMC), the
Structure Harvester algorithm (Earl, 2012) was used to estimate the
natural algorithm of the probability that any particular individual
belongs to the assumed X clusters (Evanno et al., 2005). The program
provides a fast way to assess the range of possible clusters (K) from 2 to
11, and was run 10 times for each K.

Results

All microsatellite loci exhibit substantial levels of polymorphism
across the study samples. A total of 132 alleles were detected at these 12
marker loci in the 350 evaluated samples of Ukrainian pigs. Only the
alleles observed once were not included in the analyses. The number of
observed alleles (Na) detected per polymorphic microsatellite locus
ranged from two (MIR, S0355 and PM, SW951) to 14 (UM, SW24).

Shared alleles were detected in high frequencies among Ukrainian
swine breeds in most of the studied loci (Table 2). Eight loci presented
from 1 to 2 shared alleles in all Ukrainian local pig breeds: S0155,
SW72, SW951, S0386, S0355, SW240, SW857 and S0101. For the UM
and UWS pig breeds higher total alleles (101 and 88, respectively) and
rare alleles lower than 5% numbers (43 and 41, respectively) were
detected across the 12 microsatellite loci analyzed. The Duroc popula-
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tion had a lower allele number, with 80 alleles, from which 34 had
frequency lower than 5%.

Table 2

List of the common alleles (with frequencies higher than 20%)
observed among five Ukrainian local and one commercial pig breed
(na— data not available)

Locus Breed

MIR PM UM UWS USS DUR
Sw24 9 99,107 107 107,113 95,107 101,117
S0155 158 148,158,160 148,160 158,160 158,160 154,160
Sw72 103,111 103,113 103, 103 103,113 103,113
SW951 120,122 120 120,122 120, 128 120 120,126
S0386 174,176 174,176 174,176 166,174,176 174,176 176,184
80355 245,249 245,249 245,247 245,247 247,259 245,247
SW240 95 95 95 95 95 93,95
SW857 147,149 147,149 147,149 147,151 139,147,149 149,153
S0101 207,211 209,211 209,213 209,211 209 209
SW936 na na 99,111 111 9 105,111,113
Swoll na na 159, 169 159, 165 159 157
850228 na na 256,260 258,276 258,260 260

There exist population-specific alleles found in a single swine breed
(“private alleles’). Thirty-four “private alleles’ were identified among all
tested pig breeds (Table 3) which were distributed between 11 of the 12
loci. A high number of ‘private alleles” was detected in the Duroc
population — nine alleles did not occur in other Ukrainian pig breeds. In
animals of the UM breed, a total of 16 ‘private alleles” were detected.
The number of “private alleles’ discovered for other Ukrainian local pig

The effective number of alleles (4e) varied from 1.28 to 5.89 and
was proportional to the values of expected heterozygosity (He) found in
loci SW951 for the USS breed (0.218) and SW24 for the UM breed
(0.830), respectively.

The highest heterozygosity (over 80%) was detected for loci S0101
(MIR and PM breeds), SW857 (MIR and PM), SW72 (UM) and SW24
(UWS and DUR). The lowest value (< 20%) was revealed for loci
S0355 and SW24 in MIR and for locus SW951 in PM.

The HWE test showed that all of the polymorphic microsatellite
loci deviated from HWE (P < 0.05) in at least one population (Table 4).
Loci S0355 (5), S0386 (4) and SW24 (4) presented a higher number of
populations in the HWE imbalance. As shown in Table 4, two (UM and
UWS) of the five studied Ukrainian local swine breeds had deviated
from the HWE for most loci. The Ukrainian local pig breeds presented
from one (for USS) to seven (for UWS) loci that deviate from HWE,
while the Duroc had eight loci that did not fit HWE (Table 4). This
underlines a great difference in the number of loci in Hardy-Weinberg
disequilibrium among the five Ukrainian local and one commercial pig
breed (Table 4).

Table 4

Results of the HWE test for 12 microsatellite loci identified
on five Ukrainian local and one commercial pig breed

(D — deficit heterozygosity; E — excess heterozygosity;
*-P<0.05; **-P<0.01; ***-P<0.001; ns—P>0.05)

Breed
breeds was lowest (1—4 only) Locus MIR PM UM UWS USS DUR
SW24 D*** D*** D*** D** ns ns
Table 3 S0155 ns ns D* D** ns D
List of the ‘private alleles’ (in bp) found among Swr72 ns ns ns D* ns E**
five Ukrainian local and one commercial pig breed SWos1 D* ns ns D ns ns
S0386 Di** ns D** D#* ns D*¥
Brocd S0355 Dk ns Dk Dk D* Dk
Locws — ViR M UM UWS USS DUR SW240 ns D* D D* ns ns
SW24 97 - 105, 125, 131 121 - - SW857 ns ns ns ns ns D
S0155 _ _ _ _ _ _ 80101 E* E* D* ns ns ns
sw72 - 117 99,107 - - 131 Sw936 - - s ns ns E:*
SWos1 - - 118 116,136 - 132 Swoll - - D ns ns b=
s0386 172,178 - - - - 186 S0228 - - ns ns ns D
g(p);?jjo B B ~ B 2f3 %Az‘g According to the genetic diversity indices (Table 5), the mean allele
SWS57 _ _ _ 159 - 145 number (Na) was lowest for PM (2.92 alleles/locus), while the UM and
80101 - - 193,215 - - - UWS populations presented highest estimates of 8.42 and 7.33, respec-
SW936 - - 89,93, 117 - - - tively. The total Na was 6.23 alleles/locus (ranging between two to 14),
NI - ~ 16L,167,175,177  — - - o, .
S0228 _ _ 274 ~ 254,266,270 whereas only two (UM and UWS) of the Ukrainian local pig breeds
Total 3 1 16 4 1 9 and the Duroc presented Na above the total mean score.
Table 5
Estimates of genetic diversity indices for 12 microsatellite loci detected on five Ukrainian local and one commercial pig breed
Breed Na Na (95%) Ho He Fis
MIR 392+0.81 325+0.64 230+044 0411+0.098 0.486 +0.089 0.178 £0.102
PM 292+0.57 2.58+0.51 2.08+042 0.382+0.096 0452+0.087 0.184 +0.099
UM 842+0.74 4.83+034 3.83+0.29 0.668 +0.030 0.718 £0.027 0.066 +0.030
Uws 7.33+0.63 3924022 3.13+£0.28 0.587+0.039 0.649 +0.033 0.089 +0.047
USS 5.00+047 333+025 265+0.25 0.549 +0.046 0.574+0.048 0.027 +£0.042
DUR 6.67+0.64 3.83+0.29 3.07+0.39 0.551 +0.062 0.616+0.047 0.111+0.070

Note: Na—number of different alleles; Na (95%)—number of different alleles with a frequency >5%; 4e —number of effective alleles; Ho — observed heterozygosity; He —

expected heterozygosity; Fis— inbreeding coefficient.

The average values of observed heterozygosity (Ho) in the studied
swine populations varied from 0.382 + 0.096 (for PM) to 0.668 + 0.030
(for UM). For the PM, the effective number of alleles (4e =2.08 + 0.42)
and the expected heterozygosity (He = 0.452 + 0.087) were the lowest
values amongst all analyzed pig breeds. On the other hand, UM was the
breed that presented the highest estimated values of effective number of
alleles (4e = 3.83 £ 0.29) and expected heterozygosity (He = 0.718 +
0.027). Comparing the estimates of expected heterozygosity and the
effective number of alleles, Duroc possesses a high amount of genetic
diversity compared to all other studied pig breeds, with the exception of
UM and UWS.

The variability within pig breeds estimated using the inbreeding
coefficient (Fs) showed that the highest value was observed for the PM
and MIR breeds (0.184 £ 0.099 and 0.178 + 0.102, respectively). In the

local swine breeds it can be inferred that significant and positive Fis
values are a consequence of the inbreeding effect, arising from matings
between related sows and boars. The Duroc presented a high significant
inbreeding value also (Fjg=0.111 + 0.070). The high positive values for
Fis in five pig breeds also showed a significant deviation from HWE
(Table 4). The fixation coefficient of populations (Fs7) per locus varied
from 0.057 (SW72) to 0.206 (S0101), with a mean value of 0.122 +
0.010. Thus, 12.2% of the total genetic variation was explained by
differences between pig populations (Table 6). For the Fs-index, six of
the loci (50.0%) presented values outside the 95% confidence interval,
with four loci indicating significant values to determine differences
between studied pig breeds.

The mean Fr and Fig values for all microsatellite loci were 0.204
and 0.092 with 41.7% and 50.0% of the values outside the 95% confi-
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dence interval, respectively. The mean fixation index within the popula-
tions (Fs) in each locus represented positive values, except for loci
SW72 (-0.086), SW857 (-0.039), S0101 (-0.035) and SW936 (—0.050),
which presented negative Fs, indicating an excess of heterozygous (pri-
marily for Duroc, MIR and PM). The positive F}s (0.092 + 0.039) for all
loci of pig breeds reflects the deviations from the HWE for most
Ukrainian local pig breeds (Table 4).

Table 6
F statistical estimates for 12 microsatellite loci identified
on five Ukrainian local and one commercial pig breed

Locus f(=Fs) 0 (=Fy) F (=Fp)
Sw24 0.09 0.088 0.176
80155 0.122 0.136# 0242
Sw72 0,086 0.0574# 0024
SW9s1 0.054 0.145¢# 0.191
50386 0282 0.108 0359
50355 0377 0.115 0449
SW240 0.138 0085 0211
Sw8s7 0039 0.125 0.091
50101 0035 0206 0.178
SW936 -0.050 0.135 0092
Swoll 0.108 0.131# 0225
50228 0.095 0.152 0233
X+Sx 00920039  0.122+0010 02040035
95% CI [0021;0.170]  [0.104;0.143]  [0.139;0271]

Note:# — significant values for Fyz.

The genetic distances (D,) between each pair of pig breeds are
shown in Table 7. The highest Nei's D, value (0.824) was found
between the MIR and Duroc breeds, while the UM and the USS breeds
were quite close to each other (0.159). Nei’s D, value indicated that the
UM was the Ukraine local pig breed closest to the commercial Duroc
breed (0.268), and that the MIR was the most genetically distant from
Duroc (0.824). Overall, the Duroc breed revealed the longest distances in
relation to all Ukrainian local pig breeds, probably due to the geographic
isolation, drift and/or sampling effects. This finding supports the fact
that the evolutionary path of Ukrainian local pig breeds is totally diffe-
rent from the evolutionary path of commercial pig breeds.

Table 7
Genetic distances (D) estimated among six pig populations
Breed MIR PM UM UWS USS DUR
MIR -
PM 0.169 -
UM 0.506 0.306 -
Uws 0491 0417 0.270 -
UssS 0.638 0419 0.159 0.325 -
DUR 0.824 0.584 0.268 0.566 0.374 -

The first axis of the PCoA plot of the six breeds (Fig. 1) clearly
distinguishes the MIR and PM from the other breeds, which indicates
that the Nei’s D, values among the MIR and PM, on the one hand, and
the other Ukrainian local pig breeds, on the other hand, is high.

Figure 2 presents a dendrogram built with the UPGMA method
from Nei’s (1972) D, matrix. Two different groups were observed: the
first one (with 55% confidence) formed by Duroc and three local pig
breeds (UM, USS and UWS); and the second group (with 67%
confidence) formed by the MIR and PM breeds (Fig. 1 also).

An assignment-test was used to investigate relationships between
six pig breeds (Table 8). The percentage of individuals assigned to the
breed of origin varied from 69.2 (for PM) to 100% (for USS). Gene-
rally, we found that 92.6% of the individuals (324 out of 350) were
correctly assigned to the respective breed of origin, which is probably a
consequence of the clear intrabreed structure. The individuals of the
Duroc breed were assigned to its true population of origin with a
frequency of 92.6%. Only few individuals had a high probability of
mixed ancestry (e.g., two MIR individuals clustered together with PM
and three PM with MIR; five UM were assigned to UWS and four to
USS). Thus, the assignment-test results yielded further evidence for
genetic originality of the five Ukrainian local pig breeds.

PCoA2
o
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Fig. 1. Principal coordinate analysis (PCoA) plot for six pig populations
based on Nei's genetic distances (D,) using 12 microsatellite loci
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Fig. 2. UPGMA tree based on Nei's D genetic distance (Numbers
indicate the proportion of bootstrap replicates sharing the labeled node)

The Bayesian approach implemented by Structure Harvester was
used to evaluate the most likely number of ancestral populations
underlying the observed interbreed genetic diversity. The likelihood of
the observed data given the number of putative population of origin
[Ln Pr(X]K)] is shown in Figure 3, for numbers of inferred populations
(K) ranging from 2 to 11. The mean value of Ln Pr(X|K) increased up to
K =4 and then descended, with a large increase in its variation. Thus, it
was assumed that K = 4 is the optimal number of clusters (ancestral
populations) for the pig populations studied (Fig. 4).

Probabilities from the allocation test of individuals for the six pig
breeds estimated using Structure Harvester (for K = 4) are presented in
Table 9. In cluster 1 the highest grouping probabilities were revealed for
MIR (0.917) and PM (0.750) breeds. Local breeds UM (0.824) and
USS (0.772) were grouped in cluster 2. Cluster 3 was related to the local
breed UWS (0.873). Cluster 4 indicated high allocation probabilities for
the commercial pig breed Duroc (0.924). It is noteworthy that, all pig
populations studied, despite having presented higher proportions in
certain of the clusters, had several individuals allocated in other clusters.

Table 8

Assignment analysis of the five Ukrainian local and one commercial pig
breed (values are the number of individuals from each breed (rows)
assigned to each population (columns); italic indicates correct assignment.
Accurate — the proportions of individuals derived from their source
population)

Breeds of Breeds, based on n results of the assignment-test Accurate.,
origin MIR PM UM UWS USS DUR %
MIR 23 2 1 - - - 885
PM 3 9 - 1 - - 692
UM - 1 117 5 4 1 914
Uws - - 3 62 1 1 25
Uss - - - - 25 - 100.0
DUR — - - 2 1 88 N6
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Fig. 4. Individual membership of the five Ukrainian local and one commercial pig breed of the K clusters (K =4) inferred by Structure analysis:
codes on the x-axis indicate the putative population of origin; see Table 1 for location abbreviations;
each colour denotes a cluster from the structure analysis

Discussion

This is the first attempt to specifically quantify the population genetic
diversity of the local Ukrainian pig breeds based on microsatellite mar-
kers. The six pig populations considered in our study showed substantial
genetic diversity, with an overall mean of 6.23 alleles per locus (from
two to 14) and an average expected heterozygosity of 0.572 for the 12
STR loci. At the breed level, the mean number of alleles per locus was
5.71 (2.92-8.42), with an allelic richness corrected for sample size of
2.84 (2.58-4.83) and an expected heterozygosity of about 0.525 (0.382—
0.668). These results are in agreement with those observed for certain
European pig breeds, but are somewhat lower than those reported for
Asian breeds (Nidup & Moran, 2011).
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Fig. 3. Plot of mean likelihood L(K) and standard deviation (SD)
per K value from Structure Harvester on a dataset containing
350 individuals of the five Ukrainian local and one commercial pig
breed genotyped for 12 polymorphic microsatellite loci

Table 9

Allocation probabilities of individuals in five Ukrainian local
and one commercial pig breed based on probabilities estimated
with the Structure software (for K =4)

Breed Cluster 1 Cluster 2 Cluster 3 Cluster 4
MIR 0917 0.033 0.039 0.011
PM 0.750 0.137 0.098 0.015
UM 0.056 0.824 0.080 0.039
Uws 0.027 0.079 0.873 0.021
UssS 0.013 0.772 0.184 0.031
DUR 0.010 0.038 0.029 0.924

The mean number of alleles per locus of 5.00-8.42 recorded in the
present study for the UM, UWS and USS pig breeds is more than twice
the mean number of alleles of 2.92-3.92 recorded for the MIR and PM
pig breeds, indicating higher genetic diversity in some local pigs of
Ukraine but approximately corresponds to the mean 7.00-7.70 reported
by Behl et al. (2002) for two Indian pig breeds.

The relatively high number of alleles found in the UM and USS pig
breeds is an indication that the effects of isolation and artificial selection
of these populations has been moderate. The lower number of alleles in
the Duroc population (6.67) reflects a relatively recently established
Ukrainian population of limited size. The number of alleles in the
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Ukrainian Duroc pigs is, however, still higher than values of 2.39-2.80
reported in Belgian and certain Asian swine populations (Van Zeveren
etal., 1995; Fan et al., 2002; Chang et al., 2009).

Thus, the PM breed, based on estimates of effective number of
alleles and observed heterozygosity, can be regarded as the Ukrainian
local pig breed with lowest genetic diversity. As previously mentioned
in Niang Megha pig (Indian local breed), the low effective number of
alleles may be due to very low frequency of most of the alleles at each
locus and a very few alleles might have contributed the major part of the
allelic frequency at each locus (Zaman et al., 2013). Overall, the three
Ukrainian local pig breeds presented higher mean values for the intra-
population genetic diversity parameters (such as mean estimation of Na,
total allele and rare allele numbers), than the ones obtained for the
commercial pig breed (Duroc). Additionally, the high amount of
‘private alleles’ found, mainly in the local swine breeds, shows their
importance and the necessity of their preservation and conservation.

Such remark shows the high diversity of the local pig populations
in comparison to the specialized (commercial) ones. This higher
diversity may be explained by the fact that the locally adapted genetic
groups are not subject to constant improvement programs for specific
characteristics such as specialized breeds (Silva et al., 2011). Factors
such as the level of inbreeding, population size, the history or origin of
the breeding population, the level of artificial selection pressure and
husbandry practices affect the genetic diversity of domestic animal
populations (Ayizanga et al., 2016).

There was a significant level of inbreeding recorded at all loci
studied. The lack of compliance with the HWE that was observed for at
least one locus in most Ukrainian pig breeds is probably associated with
the substantial deficit in heterozygosity. This shortage could be a
consequence of inbreeding or intrabreed substructure, which are
common properties in local breeds of low census population size
(Ollivier et al., 2005; SanCristobal et al., 2006).

Moreover, in the analysed pig breeds, the high deviation from
HWE loci number is probably due to the fact that the animals were
raised by various pig breeding farms in Ukraine. These breeding farms
often carry out matings between related individuals, especially due to
the small size of the herd. On second hand, studying European commer-
cial pig breeds, Laval et al. (2000) reported that the majority of them
remained within HWE.

The mean overall fixation index (Fj;) of 20.4% recorded in the
present study shows a great deal of genetic differentiation in individual
animals relative to the total population. This index combines the genetic
effects of non-random mating within populations together with the
effects of genetic drift among populations (Ayizanga et al., 2016).

Fgrwas the smallest at SW240 and SW24 loci (0.085-0.088) while
at SW951 locus it was the greatest (0.145). A mean Figr of 0.122 indi-
cates that 12.2% of total genetic variability occurs among the Ukrainian
local pig populations and this is indicative of moderate genetic differen-
tiation. This is comparable with results of Ayizanga et al. (2016) who
reported a significant Fs value of 12% among the local pigs of Ghana.
AMOVA results of five Brazilian genetic groups (local and Landrace)
obtained by Sollero et al. (2009) showed that 14% of all observed
diversity came from the difference between the evaluated genetic groups.
In another study carried out with Chinese pigs, an Fr value of 7.7%
was found (Yang et al., 2003). The highest genetic differentiation values
for pig populations ever reported were For = 27% (Laval et al., 2000)
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between European pigs, followed by 26.1% for a differentiation study
also carried out with European, Korean and Chinese pigs (Kim et al., 2005).

Results from the assignment test suggested a true genetic structure
with significant differentiation among all populations, except the MIR
and PM breeds. This result supports the trend from frequency-based Dy
values, which showed significant differentiation among all population
pairs but with the lowest DA observed between the MIR and PM
breeds (0.169) and between the UM and USS breeds (0.159). Five
populations displayed a pattern of strong distinctiveness, with more than
88% of individuals assigned to a single cluster in each case. By contrast,
significant numbers of pigs from the PM breed were distributed over
several clusters, with the most prominent cluster containing only 69.2%
(9 from 13) of individuals. Overall, the results from the assignment test
support the hypothesis of high homogeneity within most Ukrainian
local pig breeds sampled (Traspov et al., 2016).

Conclusions

This study was the first based on microsatellite markers for the
genetic characterization of the local pig breeds from Ukraine. The
results show that levels of genetic diversity in five local Ukrainian pig
breeds are moderate to high. Results from an assignment-test confirmed
results from Fgr which suggested an original genetic structure with
significant differentiation between most breeds sampled, but with little
differentiation among MIR and PM breeds.

Financial support was received from the Ministry of Education and Science of
Ukraine (0117U000485) to A. V. Lykhach and A. S. Kramarenko.
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The inhibition of motor response is considered as an important aspect of executive control, as a way of changing
behaviour. Gender, as a biological characteristic, stipulates different peculiarities of brain processes and, as a consequence,
different behaviour of men and women. In the context of the Stop-Change task, the aim of our study was to examine whether
there were differences in the brain processes between men and women. The method of “event-related desynchronization /
synchronization” — ERD / ERS EEG — was used to clarify that issue. 36 men and 38 women, healthy, between the ages of 18
and 22, right-handed, participated in the experiment of compliance with bioethical requirements. The application of Stop-
Change task required from the participants under the condition of a low tone (600 Hz sound) to quickly press with the help of
the index finger and release the left button of the remote control. If there was a high tone (1600 Hz sound) the participant had
to rapidly press and release with the help of middle finger the right button of the console. The prevalence of event-related
synchronization phenomena of the a- and B-EEG-activity in cortical areas was distinguished in groups of men and women.
It was apparently related to some deactivation of the cortex during the switching of motor program that was launched. At the
same time, cortical electrical activity acquired certain specific features of the frequency-spatial organization, which could
indicate the existence of certain gender characteristics of the brain processes. The weaker ERG EEG among women
(compared with men) at 10 Hz, 16 Hz in symmetrical frontal and left central and parietal areas was found. Instead, the
relative increase of ERS EEG among women was set in the range of 10 Hz (right central areas), 13 Hz (frontal central areas)
and 19 Hz (central parietal areas). Gender differences in the electrical activity of the cortex in the range above 25 Hz of the

EEG were characterized by some instability of the ERS and ERD responses in the frequency and spatial aspects.

Keywords: event-related desynchronization; event-related synchronization; manual movements; Stop-Change task

Introduction

In all spheres of activity a person constantly tries to control their
own manual motor skills and to change them according to their needs.
Manipulator coordination requires the permanent cancellation and
updating of motor programs and commands. The analysis of literature
data showed that the modified version of the Go-No Go paradigm, the
so-called Stop-Change task (Logan & Burkell, 1986; Verbruggen et al.,
2008), is the most commonly used in study the processes that involve
the motor responses inhibition. The Stop-Change task requires the
involvement of the Go process, the braking process and the alternative
action process. All three of them can be considered as independent
(Verbruggen & Logan, 2009). According to the neurovisualization data
obtained in the Stop-Change task situation, involvement of the
prefrontal cortex and basal ganglia in the process of motor response
inhibition has been established (Simmonds et al., 2008; Chambers et al.,
2009). Isoda & Hikosaka (2007), Neubert et al. (2010) also defined that
in the process of reprogramming preSMA participates. This fact, in their
view, is relevant to the inhibition of irrelevant actions and facilitates the
launch of an alternative answer. Neurophysiological studies of motor
response inhibition conducted by Stop-Change task showed a peak
negativity about 180 ms of parietal-occipital electrodes of both
hemispheres and, later, about 220 ms of frontal and central (Rangel-
Gomez et al., 2015). The research conducted by Rangel-Gomez et al.
(Rangel-Gomez et al., 2015) indicates that there is no lateralization of
negative cortical activity in parietal areas. Taking into consideration the

importance of the obtained results, it should be noted that there is some
insufficiency in creating a complete concept of brain processes during
the switching of motor programs of human movements.

Gender, as a biological characteristic, stipulates different peculiari-
ties of brain processes and, as a consequence, different behaviour of
men and women. Available literary sources give information about
gender differences in the analysis of cognitive and emotional stimuli
(Wager et al., 2003; Hamann & Canli, 2004; Wager & Ochsner, 2005).
For example, among women, the activation of the left prefrontal cortex
and mesolimbic pathways was fixed; it was manifested to a greater
extent than that of men, reflecting a greater degree of processing (Azim
et al, 2005) among women. Gender differences in the local brain
activation were also observed in behavioural problems that required
word formation (Bell et al., 2006), spatial attention (Bell et al., 2006),
working memory (Gaab et al., 2003; Goldstein et al., 2005; Bell et al.,
2006; Ragland et al., 2006; Mitchell, 2007), spatial navigation (Maguire
et al,, 1999), visceral stimulation (Kem et al., 2001; Naliboff et al.,
2003) and odour identification (Bengtsson et al., 2001; Royet et al.,
2003). According to the following authors (Meyers-Levy & Loken,
2015; Silva & Ravindran, 2015; Morenko et al., 2016) cognitive sexual
differences may be due to the peculiarities in the organization of brain
networks, due to evolutionary tendencies, hormonal influences or other
developmental factors. On the other hand, numerous studies have
revealed that males are more susceptible to impairment in inhibitory
control and increased levels of impulsivity compared with females
(Petry et al., 2002; Fillmore et al., 2004; Li et al., 2006; Cotto et al.,
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2010). Schizophrenic patients show deficits in executive control tests
such as stop-signal tasks, and cognitive impairments are much more
exaggerated in male patients (Han et al., 2012). In a study by Mansouri
et al. (2009) women have shown that they are more capable of resorting
to previous influence and practice of using executive control in complex
cognitive tasks than men. Despite their importance, the results under-
score a certain lack of information about the gender specifics of cortex
electrical activity precisely when switching motor programs of manual
movements. In the context of the Stop-Change task, the aim of our study
was to examine whether there were differences in the brain processes
between men and women. The method of “event-related desynchroni-
zation / synchronization” — ERD / ERS EEG — was used to clarify that
issue. According to data from literature sources (Pfurtscheller & Lopes da
Silva, 1999; Pfurtscheller, 2001; Neuper et al., 2006), the application of
ERD / ERS is the most appropriate method for analyzing the dynamic
activity of brain oscillatory systems under motor responsive conditions
and allows one to distinguish from the background rhythmic activity
precisely the reaction associated with the event. The detection by the
above-mentioned method of the EEG markers of the brain processes,
related directly to the motor response to Stop-Change signals has not only
fundamental scientific significance for understanding the mechanism of
switching of motor programs of targeted MM. The use of such EEG
markers in perspective can qualitatively improve early diagnosis of
cortical dysfunctions of the neuromotor apparatus, as well as rehabilitation
programs for controlling behaviour in neuropsychological disorders.

Materials and methods

The participants in our study were 36 male and 38 female volun-
teers from the ages of 19 to 21, each of whom has given written
consent. Biomedical ethics rules in accordance with the Helsinki
Declaration of the World Medical Association on the Ethical Principles
of Scientific and Medical Research involving Human Subjects were

Time

adhered to during the experiment. All the testees were healthy, had
normal hearing according to the judgment and advisory conclusions of
medical professionals, had the right profile of manual and auditory
asymmetries, which were evaluated by the nature of responses during
the survey and the performance of motor and psychoacoustic tests
(Zhavoronkova, 2007). Time of sensorimotor responses in the choice of
one of three objects as signals (triangles, circles, squares) was
determined by computer diagnostic complex “Diagnost-1" (Certificate
of measuring equipment type Ne UA-MI / 2p- 2613-2008 05.08.2008,
Ukraine). All testees had to respond to the certain stimuli as quickly as
possible by pressing and releasing the button panel by the right hand.

EEG experiment procedure envisioned the use of the Stop-Change
task. Beforehand each examinee received an instruction according to
which, on the appearance of low tone (sound of 600 Hz) s/he needed to
press and release the left button of the console (Go-response) quickly
with the help of the right index finger. If there was a high tone (1600 Hz
sound) s/he had to rapidly press and release with the help of middle
finger the right button of the console. Under experimental conditions, all
stimuli sounds were served in pairs. In some stimuli pairs both sounds
were low-pitched, in the others the first sound was of low tone, and the
second — high tone. If the stimuli in the pair were unequal, then there
was a braking of the running motor program (pressing the right index
finger on the left button of the console), followed by switching to the
alternative one (Stop-Change) (Fig. 1).

The duration of each beep was 50 ms, between stimuli interval
representation of signals was 5000 ms (Pfurtscheller &d Lopes da Silva,
1999). The correlation of stimuli pairs with both low sounds (600 Hz)
and stimuli pairs with both low and high sounds (600 and 1600 Hz) in
the sample was 70/30. Time delay after first sound was 140 ms. This
period included tactile (hidden) and partially motor components of
sensory-motor responses, which are related to the perception of signal
analysis, the decision on the motion, the formation of motor programs
(Lyzogub et al., 2015; Rangel-Gomez et al., 2015).

S50ms 50ms
Go Stop-Change
-
600 Hz 140ms 1600 Hz
30%
5000 ms
q‘ L 50 ms
Y f
Go
/ 140ms 600 Hz

70%

Fig. 1. Scheme of the conducted experimental Stop-Change task: Go — the first sound in stimuli pair, in response to which the testee had to start moving.
Go, Stop-Change — the second sound in stimuli pair, confirm initiated movement; 70% and 30% — correlation between stimuli pairs in the sample

During the electroencephalographic stage participants were in a
specially equipped sound and lightproof room, in a reclining position
with eyes closed. EEG recording was performed using electroencephalogra-
phic hardware and software complex ‘“Neurokom™ (Certificate of com-
pliance with technical regulations on medical devices N753 dated 25
January 2017). EEG registration was performed monopolar, 19 active
electrodes were placed on the surface of the scalp on the international
system 10/20. As reference electrodes, combined ear electrodes were
used Al and A2, which were attached to the left and right ear lobes
respectively. Additionally, referential electrodes Ref were used (placed
between frontal and lateral parts) and N (Nasion). Artefact activity re-
jection of native EEG was carried out by applying ICA-analysis (Inde-
pendent Component Analysis). Changes of brain activity was measured
in the frontal (F3, F4), central (C3, C4) and parietal (P3, P4) leads.

The choice of such assignments was associated with existing published
data that demonstrate the greatest part of these cortical areas in the process-
sing of motor data and motor programming (Haaland et al., 2000; loffe,
2003; Bai et al., 2005; Neubauer et al., 2006; Morenko & Korzhik, 2016).
Event-related desynchronization (ERD) and event-related synchro-
nization (ERS) of EEG frequency (1-35 Hz) were estimated. Calculation
of ERD/ERS maps was conducted in Matlab environment (MathWorks,
2015) in accordance with the procedure described by Pfurtscheller and
Lopes da Silva (Pfurtscheller & Lopes da Silva, 1999). The content of
the technique ERD/ERS was as follows: 1) collecting of EEG data for
N stimulus presentation was conducted; 2) the signals were sequentially
filtered for all stages N of analysis; 3) the filtered signals were summed
in the square to calculate the signal strength for each reference in every
stage; 4) the received power level for each period of time in the analysis
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stage was summarized for all stages (point-to-point); 5) the calculation
of ERD/ERS was repeated for several consecutive frequency ranges in
increments of 1 Hz, and the received values were represented in a variety
of colours of the spectrum, which gave ERD/ERS maps, as a result.
Stage of analysis was 5 seconds, which included 2 seconds before the
submission of the second sound in the stimuli pair (reference interval, RI)
and 3 seconds after the filing (post stimuli interval, PI). Change of spectral
power EEG was evaluated in regard to a referential time interval (RI).

Test samples for normality of distribution were carried out using
criterion of Shapiro Wilk (W, at P > 0.05). The differences were evalua-
ted by t-criterion of Student (for independent samples). Differences at P <
0.05 are considered reliable. Gender changes of ERD/ERS of EEG
frequency components in each leads between motor responses to
significant stimuli under the conditions of the Stop-Change task were
analyzed. Statistical analysis was conducted in the Statistica 8.0
program (StatSoft Inc.) and Matlab (MathWorks, 2015).

Results

The time of the sensory-motor response among male participants
was 368.72 ms, among female — 382.67 ms.

Analysis of the results indicates enhancement effects associated
with the event-related synchronization in the range of o- and B-EEG
thythms in a situation of the motor running program inhibition,
followed by switching to an alternative movement among women
compared with men. Poststimuli time interval in the sensory-motor
responses comparable noted the growing role of ERS EEG (P < 0,05)
among women at frequencies of 8 and 10 Hz in the right central lead
(PI: 170-478 ms) 13 Hz in both frontal and central areas (PI: 148-1014
ms). Along with that, among women over a period sensory-motor
response was set lower ERS EEG (P < 0.05) in the frequency range of
10 Hz in the right and left frontal areas of the central (PI 0520 ms) than
among men (Fig. 2-4).
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Fig. 2. ERD / ERS EEG in the frontal leads during responses to Stop-Change stimuli among women compared to men:
500 time durations correspond to 1 second. Within the limits of the mark of 1000 time durations, depending on the experimental set,

a significant stimulus (ST) was given; yellow colour in a red frame on the figure indicates statistically significant differences (P < 0.05), and blue
colour — its absence; ERS +/- or ERD +/- reflect the increase / decrease of reaction to Stop-Change stimuli response among women compared to men,
P <0.05. ERS/ERD (or ERD/ERS) in the schemes indicate the change in the type of reaction to the Stop- Change stimuli (second from the pair)
among women in relation to those in men, (first in the pair), P <0.05.
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Fig. 3. ERD / ERS EEG in the central leads during responses to Stop-Change stimuli among women compared to men

In the 19 Hz range, women showed ERS EEG as opposed to ERD
in men (P < 0.05). Such differences were found in the central and
parietal cortex in the left (Pl: 0-604 ms) and right (PI: 0-478 ms)
hemisphere of the cortex (P < 0.05) (Fig. 2-4).

During the above mentioned testing, gender differences in cortical
processes were noted that had a longer duration than the time sensory-
motor response of the choice of the surveyed. At a frequency of 16 Hz,
the lower level of ERS EEG among women was recorded in both
frontal (PI: 510-1690 ms), left central and parietal cortex areas (PL:
662-1788) (P < 0.05) compared with men. At the same time, at the
frequency of 17 Hz, the ERS of the EEG became highter in women in
the right frontal (PI: 6401326 ms) and central cortical areas (PI: 582—
814 ms) (P <0.05).

The gender differences in cortical electrical processes in the range
of high-frequency f3, activity (over 25 Hz) indicated some instability of
ERS and ERD changes.

Discussion
Our paper was aimed at studying gender specifics of cortex elec-

trical activity during switching motor programs of manual movements
in the context of the Stop-Change task. We tried to examine whether

there were differences in the brain processes between men and women
with use of the method of “‘event-related desynchronization / synchroni-
zation” — ERD/ERS EEG. We found an enhancement of the event-
related synchronization in the range of o- and B-EEG rhythms in a
situation of the motor running program inhibition, followed by
switching to an alternative movement among women compared with
men. According to some authors (Neuper & Pfurtscheller, 2001;
Pfurtscheller, 2001; Bai etal., 2005; Li et al., 2006, Lopes da Silva,
2006; Morenko & Morenko, 2016), synchronization in this frequency
EEG spectrum generally meets escalating decontamination processes in
the respective populations of cortical neurons and can be traced in a
position to reduce information processing, full or partial suspension of
motor behaviour. In terms of our experiment, such patterns can indicate
a greater role the downstream inhibitory cortical influences during the
exercise among women.

At the same time, cortex electrical activity acquired certain specific
features of the frequency-spatial organization, which could indicate the
existence of certain gender characteristics of the brain processes.
Weaker ERG EEG among women (compared with men) at 10, 16 Hz
in symmetrical frontal and left central and parietal areas were found.
Instead, the relative significance of ERG EEG among women was set in
the range of 10 Hz (right central areas), 13 Hz (frontal central areas) and
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19 Hz (central parietal areas). Relevant results probably meant that in
such a frequency range associated with the event, a synchronous
relationship between the main neural elements among women was
lower (Pfurtscheller, 1999; Neubauer et al., 2006) than among men.
From the point of view of a number of researchers, in the desynchro-
nized system, readiness for activity and information capacity increases
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(Thatcher et al., 1983), the level of activation of cortical neurons increa-
ses (Steriade et al., 1990; Neubert et al., 2010). In terms of our experi-
ment desynchronization processes, that were established in the 19 Hz range
among men and their cortical topography, could be associated with a
greater degree of their differentiated attention, provided that the switch-
ing on an alternative motor task is required.
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Fig. 4. ERD/ERS EEG in the parietal leads during responses to Stop-Change stimuli among women compared to men

During the above mentioned testing, gender differences in cortical
processes were indicated that had a longer duration than the time of
sensory-motor response of the choice of the surveyed. At a frequency of
16 Hz, the lower level of ERS EEG among women was recorded in
both frontal, left central and parietal cortex areas compared with men.
At the same time, at the frequency of 17 Hz, the ERS of the EEG
became highter in women with right frontal and central cortical areas. Such
gender differences may also be a reflection of the increased involve-
ment of these cortical areas in preparation for the next manual response.

The gender differences in cortical electrical processes in the range
of high-frequency 3, activity (over 25 Hz) indicated some instability of
reaction changes (ERS and ERD, respectively). We assume that accor-
ding to the “horse-race model” (Verbruggen & Logan, 2009; Neuper
etal., 2006), the processes of activation and inhibition of neuronal en-
sembles at such frequencies of EEG in our experiments occurred
independently of each other, and their success or failure could be deter-
mined by the fact of which process was the first.

Conclusion

The prevalence of event-related synchronization phenomena of the
a- and B-EEG-activity in cortical areas was distinguished in groups of
men and women. It was apparently related to some deactivation of the
cortex during the switching of motor program that was launched. At the
same time, cortical electrical activity acquired certain specific features
of frequency-spatial organization, which could indicate the existence of
certain gender characteristics of the brain processes. Weaker ERG EEG
among women (compared with men) at 10 and 16 Hz in symmetrical
frontal and left central and parietal areas were found. Instead, the
relative increase of ERS EEG among women was set in the range of 10
Hz (right central areas), 13 Hz (frontal central areas) and 19 Hz (central
parietal areas). Gender differences in the electrical activity of the cortex
in the range above 25 Hz of the EEG were characterized by some
instability of the ERS and ERD responses in the frequency and spatial
aspects.

Regul. Mech. Biosyst., 9(2) 187



This research has been performed within the framework of scientific topic of the
Faculty of Biology of Lesya Ukrainka Eastern European National University
"Neurophysiological mechanisms of human motor activity".

References

Azim, E., Mobbs, D., Jo, B., Menon, V., & Reiss, A. L. (2005). Sex differences in
brain activation elicited by humor. Proceedings of the National Academy,
102(45), 16496-16501.

Bai, O., Mari, Z., Vorbach, S., & Hallet, M. (2005). Asymmetric spatiotemporal
patterns of event-related desynchronization preceding voluntary sequential
finger movements: A high-resolution EEG study. Clinical Neurophysiology,
116(5), 1213-1221.

Bell, E. C., Willson, M. C., Wilman, A. H., Dave, S., & Silverstone, P. H. (2006).
Males and females differ in brain activation during cognitive tasks.
Neuroimage, 30(2), 529-538.

Bengtsson, S., Berglund, H., Gulyas, B., Cohen, E., & Savic, I. (2001). Brain
activation during odor perception in males and females. Neuroreport, 12(9),
2027-2033.

Chambers, C. D., Garavan, H., & Bellgrove, M. A. (2009). Insights into the neural
basis of response inhibition from cognitive and clinical neuroscience. Neuro-
science and Biobehavioral Reviews, 33(5), 631-646.

Cotto, J., Davis, E., Dowling, G. J.,, Elcano, J. C., Staton, A. B., & Weiss, S. R.
(2010). Gender effects on drug use, abuse, and dependence: A special analy-
sis of results fiom the national survey on drug use and health. Gender
Medicine, 7(5), 402-413.

da Silva, T. L., & Ravindran, A. V. (2015). Contribution of sex hormones to gender
differences in schizophrenia: A review. Asian Journal of Psychiatry, 18, 2-14.

Fillmore, M., & Weafer, J. (2004). Alcohol impairment of behavior in men and
women. Addiction, 99(10), 1237-1246.

Gaab, N., Keenan, J. P., & Schlaug, G. (2003). The effects of gender on the neural
substrates of pitch memory. Joumal of Cognitive Neuroscience, 15(6), 810-820.

Goldstein, J. M., Jerram, M., Poldrack, R., Anagnoson, R., Breiter, H. C., Makis,
N., Goodman, J. M., Tsuang, M. T., & Seidman, L. J. (2005). Sex differences
in prefrontal cortical brain activity during fMRI of auditory verbal working
memory. Neuropsychology, 19(4), 509-519.

Haaland, K. Y., Harrington, D. L., & Knight, R. T. (2000). Neural representations
of skilled movement. Brain, 123(11), 2306-2313.

Hamann, S., & Canli, T. (2004). Individual differences in emotion processing.
Current Opinion in Neurobiology, 14(2), 233-238.

Han, M., Huang, X. F., Chen, D. C., Xiu, M. H., Hui, L., Liu, H., Kosten, T.R., &
Zhang, X. Y. (2012). Gender differences in cognitive function of patients with
chronic schizophrenia. Progress in Neuro-Psychopharmacology and Biologi-
cal Psychiatry, 39(2), 358-363.

Ioffe, M. (2003). Mozgovye mehanizmy formirovanija novyh dvizhenij pri
obuchenii: Jevoljucija klassicheskih predstavlenij [Neural basis of leaming
new movements: Evolution of classical concepts]. Zhurnal Vysshei Nervnoi
Deiatelnosti Imeni I. P. Pavlova, 53(1), 5-21 (in Russian).

Isoda, M., & Hikosaka, O. (2007). Switching from automatic to controlled action
by monkey medial frontal cortex. Nature Neuroscience, 10(2), 240-248.
Kem, M. K, Jaradeh, S., Amdorfer, R. C., Jesmanowicz, A., Hyde, J., & Shaker, R.
(2001). Gender differences in cortical representation of rectal distension in
healthy humans. American Joumnal of Physiology-Gastrointestianal and

Liver Physiology, 281(6), 1512—1523.

Li, C.,, Huang, C., Constable, R., & Sinha, R. (2006). Gender differences in the neural
correlates of response inhibition during a stop-signal task. Neuroimage, 32(4),
1918-1929.

Logan, G. D., & Burkell, J. (1986). Dependence and independence in responding
to double stimulation — a comparison of stop, change, and dual-task para-
digms. Journal of Experimental Psychology: Human Perception and Perfor-
mance, 12(4), 549-563.

Lopes da Silva, F. H. (2006). Event-related neural activities: What about phase?
Progress Brain Research, 159, 3—17.

Lyzogub, V. S., Kozhemyako, T. V., Yukhimenko, L. I, & Khomenko, S. M. (2015).
Elektrofiziologichni harakterystyky Ry ta funkcional'na organizacija sklad-
nyh sluhomotornyh reakcij u pidlitkiv [Electrophysiology characteristics of
Rsp and the functional organization of complex audiomotory reactions of
adolescents]. Cherkasy University Bulletin: Biological Sciences Series, 335(2),
7278 (in Ukrainian).

Maguire, E. A., Burgess, N., & O’Keefe, J. (1999). Human spatial navigation: Co-
gnitive maps, sexual dimorphism, and neural substrates. Current Opinion in
Neurobiology, 9(2), 171-177.

Mansouri, F., Tanaka, K., Buckley, M. (2009). Conflict-induced behavioral ad-
justment: A clue to the executive functions of the prefrontal cortex. Nature
Reviews Neuroscience, 10(3), 141-152.

Meyers-Levy, J., & Loken, B. (2015). Revisiting gender differences: What we
know and what lies ahead. Journal of Consumer Psychology, 25(1), 129-149.

Mitchell, R. L. (2007). fMRI delineation of working memory for emotional proso-
dy in the brain: Commonalities with the lexicosemantic emotion network.
Neuroimage, 36(3), 1015-1025.

Morenko, A. G., & Korzhik, O. V. (2016). Brain processes in women with differ-
rent modal alpha-frequency through the execution of manual movements
with applying of force. Biological Bulletin of Bogdan Chmelnitskiy Melito-
pol State Pedagogical University, 6(1), 326-341.

Morenko, A., & Morenko, O. (2016). Electrical activity of the cerebral cortex
during the low-frequency acoustic stimulation in women with different
characteristics of alpha rhythm. Annals of Neurosciences, 23(4), 235-240.

Naliboff, B. D., Berman, S., Chang, L., Derbyshire, S. W., Suyenobu, B., Vogt,
B. A, Mandelkem, M., & Mayer, E. A. (2003). Sex-related differences in IBS
patients: Central processing of visceral stimuli. Gastroenterology, 124(7),
1738-1747.

Neubauer, A. C., Fink, A., & Grabner, R. H. (2006). Sensitivity of alpha band
ERD to individual differences in cognition. Progress in Brain Research, 159,
167-178.

Neubert, F. X., Mars, R. B., Buch, E. R., Olivier, E., & Rushworth, M. F. (2010).
Cortical and subcortical interactions during action reprogramming and their
related white matter pathways. Proceedings of the National Academy of
Sciences of the United States of America, 107(30), 13240-13245.

Neuper, C., & Pfurtscheller, G. (2001). Event-related dynamics of cortical thythms:
Frequency specific features and functional correlates. International Journal of
Psychophysiology, 43(1), 41-58.

Neuper, C., Wortz, M., & Pfurtscheller, G. (2006). ERD/ERS pattemns reflecting
sensorimotor activation and deactivation. Progress in Brain Research, 159,
211-222.

Petry, M., Kirby, K., & Kranzler, H. (2002). Effects of gender and family history
of alcohol dependence on a behavioral task of impulsivity in healthy
participants. Journal of Studies on Alcohol, 63(1), 83-90.

Pfurtscheller, G. (2001). Functional brain imaging based on ERD/ERS. Vision
Research, 41, 1257-1260.

Pfurtscheller, G., & Lopes da Silva, F. H. (1999). Event-related EEG/MEG syn-
chronization and desynchronization: Basic principles. Clinical Neurophysio-
logy, 110(11), 1842-1857.

Ragland, J. D., Coleman, A. R., Gur, R. C., Glahn, D. C., & Gur, R. E. (2000). Sex
differences in brain-behavior relationships between verbal episodic memory
and resting regional cerebral blood flow. Neuropsychologia, 38(4), 451-461.

Rangel-Gomez, M., Knight, R. T., & Krémer, U. M. (2015). How to stop or change
a motor response: Laplacian and independent component analysis approach.
International Journal of Psychophysiology, 97(3), 233-244.

Royet, J. P., Plailly, J., Delon-Martin, C., Kareken, D. A., & Segebarth, C. (2003).
fMRI of emotional responses to odors: Influence of hedonic valence and
judgment, handedness, and gender. Neuroimage, 20(2), 713-728.

Simmonds, D. J., Pekar, J. J., & Mostofsky, S. H. (2008). Meta-analysis of go/no-
go tasks demonstrating that fMRI activation associated with response inhibit-
tion is task-dependent. Neuropsychologia, 46(1), 224-232.

Steriade, M., Gloor, P., Llinas, R. R., Lopes da Silva, F. H., & Mesulam, M. M.
(1990). Basic mechanisms of cerebral thythmic activities. Electroencephalo-
graphy and Clinical Neurophysiology, 76(6), 481-508.

Thatcher, R. W., McAlaster, R., Lester, M. L., Horst, R. L., & Cantor, D. S. (1993).
Hemispheric EEG asymmetries related to cognitive functioning in children.
In: Perecuman, A. (Ed.). Cognitive processing in the right hemisphere.
Academic Press, New York.

Verbruggen, F., & Logan, G. D. (2009). Models of response inhibition in the stop-
signal and stop-change paradigms. Neuroscience and Biobehavioral Reviews,
33(5), 647-661.

Verbruggen, F., Schneider, D. W., & Logan, G. D. (2008). How to stop and change a
response: The role of goal activation in multi-tasking. Journal of Experimen-
tal Psychology: Human Perception and Performance, 34(5), 1212—-1228.

Wager, T. D., & Ochsner, K. N. (2005). Sex differences in the emotional brain.
NeuroReport, 16(2), 85-87.

Wager, T. D., Phan, K. L., Liberzon, L., & Taylor, S. F. (2003). Valence, gender,
and lateralization of functional brain anatomy in emotion: A meta-analysis of
findings from neuroimaging. Neurolmage, 19(3), 513-531.

Zhavoronkova, L. A. (2009). Pravshi-levshi. Mezhpolushamaja asimmetrija bio-
potencialov mozga cheloveka [Right-handed people, the left-handers. Hemi-
spheric asymmetry of the human brain biopotentials]. Jekoinvest, Krasnodar
(in Russian).

188 Regul. Mech. Biosyst., 9(2)



Regulatory Mechanisms
mgBlos%rstems

Cytogenetic activity of radionuclide contamination
of water reservoirs of the alienation zone of Chornobyl NPP

R. A. Yakymchuk
Institute of Plant Physiology and Genetics of NAS of Ukraine, Kyiv, Ukraine

Article info Yakymchuk, R. A. (2018). Cytogenetic activity of radionuclide contamination of water reservoirs of the alienation
Received 04.03.2018 zone of Chornobyl NPP. Regulatory Mechanisms in Biosystems, 9(2), 189-197. doi:10.15421/021828
Received lln]rg;l;f%o " Thirty years after the accident, the alienation zone of Chornobyl NPP continues to be an open source of radionuclide
Accepted 1 2.04.2018 spread which is carried with superficial and soil waters into river systems and moves beyond the area. The study of
mutagenic activity of radionuclide contamination of the water reservoirs in the near zone of Chornobyl NNP will make it
Institute of Plant Physiology possible to predict genetic consequences of their effect in the years after the accident. The purpose of this research is to
and Genetics of NAS of Ukraine,  study frequency and spectrum of chromosome aberrations in root meristem cells of Triticum aestivum L. under the
I’;"S)’ ”g}’gg‘; Sti}ki 117, prolonged effect of radionuclide contamination of water and bottom deposits of the water reservoirs in the near alienation
Ti;v +38-097-3 4‘;1_’;2_ % zone of Chornobyl NPP. Seeds of winter wheat varieties Al’batros odes’kyi and Zymoiarka were sprouted in the conditions
E-mail: of the effect of water radionuclide contamination of the Prypiat River, Brahinka River, a reservoir-cooler of ChNPP,

peoplenaturel 6@gmail.com Semyhodskyi backwater, drainage-way 3 of ChNPP, Lakes Hlyboke and Azbuchyn (total specific activity of ’Cs and *’Sr
— 0.17-52.99 Bg/m’) and bottom deposits of the left and right banks of Prypiat canal, a reservoir-cooler of ChNPP,
drainage-ways 1-3 of ChNPP (total specific activity of *’Cs and *Sr — 16.0-45.0 Bg/kg). Frequency and spectrum of
cytogenetic disorders were identified in the cells of root meristem sprouts with help of the ana-telophase method. Under the
influence of radiation on water and bottom deposits of the water reservoirs in the alienation zone of ChNPP, a 1.6-4.2 times
increase in the frequency of chromosome aberrations and mitosis disorders was found. The highest levels of cytogenetic
activity were shown by water radionuclide contamination in a reservoir-cooler of ChNPP, Semyhodskyi backwater and
bottom deposits of drainage-way 2. The correlation between frequency of chromosome aberrations and specific value of
radionuclide activity of water reservoirs has not been recorded, which can prove the induction of cytogenetic disorders
resulting from the radiation in the low-rate range. The spectrum of cytogenetic disorder types is mostly represented by
acentric fragments, bridges and lagging chromosomes. The induction of the cells with lagging chromosomes, which exhibit
the highest levels (0.24-0.38%), under the effect of radionuclide contamination of water in Hlyboke Lake, the Brahinka
River, the Prypiat River, a reservoir-cooler of ChNPP and bottom deposits of drainage-way 3, allows one to assume the
availability of aneugenic factors in the water reservoirs in the alienation zone of ChNPP. The water entities of the alienation
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[uTOreHeTHYHA AKTUBHICTH PATIOHYKJIITHUX 3a0py/AHEHD
BO/10iiM 30HHU Binuy:keHHs YopHoOmabcbkoi AEC

P. A. Sxumuayx
Incmumym ¢hizionozii pociun i cenemuxu HAH Ykpainu, Kuis, Ykpaina

3ona BimuyxeHHs YopHoOunscskoi AEC depes 30 pokiB micis aBapii IPOROBXKye 3aIUINATUCH BIIKPHTUM JUKEPENIOM IOIIMPEHHS PalioHyK-
JIJIB, 110 HAZIXOMATH i3 MOBEPXHEBUMH Ta IPYHTOBUMH BOJAMH B PIYKOBI CUCTEMM Ta BUHOCSTBCS 3a ii Mexi. BUBUEGHHS MyTareHHO akTUBHOCTI
pamioHyKITiIHUX 3a0pyaHeHb BojoiiM OmmkHBOi 30HM YAEC nacth 3MOry BCTAHOBUTH IMOTEHI[IHHY MyTareHHY HeOe3IeKy BOIHHX 00 €KTIB i
CIIPOTHO3YBATH I'€HETUYHI HACIIIKY iX BIUIMBY y BiIJAJCHI CTPOKY micis aBapil. Mera HOCHiUKEeHb — BUBUHMTH YACTOTY Ta CIIEKTP XPOMOCOMHHX
abepaiif y KIiTHHAX KOpeHeBol MepucteMu riticum aestivum L. 3a TIponoHroBaHOI Aii paJiOHYKIiIMHIX 3a0pyIHCHb BOAM Ta JOHHUX BiIKIaniB
BOZIONM OMmKHBOT 30HH BiquyxenHs: YopHoOmnbebkoi AEC. HaciHHs 03uMOi NIeHuIl copTiB AJbOATpoc 0Aechkuid 1 3UMOsIpKa MPOPOLILYBAIH B
YMOBax BIUIMBY PaJiOHYKJIITHUX 3a0pynHeHs Boau p. [lpun’site, p. bparinka, Bomoiimu-oxonoanrka YAEC, CeMHUXOACHKOTO 3aTOHY, BIIBIHOTO
kanany 3 YAEC, 03. Tm6oke, 03. A30yumH (cymapHa matoMa akTuBHicTs ~'Cs i °Sr — 0,17-52,99 KBK/M’), IOHHHX BiIK/IaziB JIBOTO Ta IPaBOro
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6eperis TIpum’sTcKoro Kanary, BogoiiMu-oxonomrnka YAEC, Binsimunx kanaris 1-3 YAEC (cymapua nuToma aktuBHicts - Cs i *Sr — 16,0~
45,0 kbr/kr). Y KIiTHHAX KOPEHeBOI MEPHCTEMH TIPOPOCTKIB 3a JOIOMOTOI0 aHa-TeN0(ha3HOro METOLY BU3HAYAIN YacTOTY Ta CHEKTD IIUTOICHETHYHIX
MOpYIIIeHb. 3a paIialliiiHOro BIUIMBY BOAM Ta JOHHHX BIIKIaiB BOJAOWM 30HH BimuyxeHHs YAEC BHUSBICHO 3pOCTAaHHS YaCTOTH XPOMOCOMHHUX
abepartiit 1 mopymieHsb mito3y B 1,6-4,2 pasa. HaiiBuiui piBHI [IMTOr€HETUYHOI aKTUBHOCTI BHSIBIUIM PaJIIOHYKITIIHI 3a0pYIHEHHS BOIH BOIOHMHU-
oxononHuka YAEC, CeMuxoachkoro 3aToHy Ta JOHHMX BiIKIAiB BiIBIJHOIO KaHaiy 2. 3aJleXKHOCTI MK YacTOTOIO XPOMOCOMHMX alepaiif ta
BEJTIYIHOI0 MUTOMOI aKTHBHOCTI PafiOHyKIIiJiB BOJOIM HE BUSBIICHO, III0 MOXKHA MOSCHUTH 1HYKyBaHHAM [IUTOT€HETHYHHX HOPYIIEHb YHACIIIOK
OINPOMIHEHHS B Jliana3oHi HU3bKUX 1103. CHEKTp iX THIIB MMEpeBayKHO MPE/ICTABICHUI allEHTPUYHUMH (pPparMeHTamMu, MOCTaMH Ta BiICTAOUMMH
XpoMocoMaMH. [HIyKyBaHHS KJIITHH i3 BIJCTalOYMMM XpOMOCOMaMH, 110 BHsBIIOTH HaWBumii piBHi (0,24-0,38%) 3a nii pamioHykiIigHUX
3a0pynHeHb Bomu 03. I'muboke, p. Bparinka, p. Ilpun’sts, Bomoiimu-oxonogunka YAEC i MOHHHX BiOKIamiB BiJIBIHOTO KaHATy 3 JO3BOIIE
MPUITYCTUTH HASBHICT y BomoiiMax 30HM BimuayxenHs YAEC aneyrenHux unHHUKIB. Bomi 00’ekti 30HM BimuyxenHs YAEC, piBeHb
PamiOHYKITITHUX 3a0pyIHEHb SKHX XapaKTepPHU3YEThCS BUCOKOK ILIMTOTCHETHMYHOK AKTHUBHICTIO, IHIYKYHOTh 13 BHCOKOK YacTOTOK KITHHHU 3
KOMIUICKCHIMH XPOMOCOMHHMH HepeOynoBamyl. HesBaxaloun Ha 3HIDKGHHS YacTOTH XPOMOCOMHHUX aOepawiif 3a BIUIMBY Bomu p. Ilpum’sith
noom3y M. YoHoOWns, p. bparinka Ta noHHHX Bimxmanis mpaBoro Gepera Ilpwm’sTchkoro KaHaly, IiJBUINCHUN PiBeHb aHEYTCHHUX KIITUH Ta
IHIYKyBaHHS] MHO)KHHHHUX XPOMOCOMHHX HIepeOyI0B CBITYUTH PO 30EPeKEHHS MyTareHHOT aKTHUBHOCTI 3a0py/IHEHb 3a3HAUCHHX BOJHHX 00’ €KTIB.

Knrouosi cnoea: Triticum aestivum L.; XxpoMOcoMHI abepallii; TOPYLICHHS MiTO3y; MyTareHHa akTUBHICTb; TeHETHYHI HACITiIKA

Beryn

Yepes 30 poxiB micist YopHOOMIBCHKOI KaTacTpodu 30Ha BiTdy-
XKEHHS HPOJIOBXKYE 3QIMILIATUCH BIIKPUTUM JDKEPEIOM IOIMPEHHS
PaOHYKITI B, 110 HAZXOIATH i3 TOBEPXHEBUMH Ta [PYHTOBHMH BOJIa-
MH B PIYKOBI CHCTEMH Ta BUHOCATRCS 32 1l Mexki (Beresford et al., 2016;
Evangeliou et al., 2016; Konoplev et al., 2016). Bomoitmu OaceiiHiB
Juinpa ta [Mpur’sTi — omHi 3 HAHOUTBIINX BOIHKX CHCTEM Y €Bporti —
30cepemu OIBbKo 2,3 bk PSr 1 19,6 ubk V'Cs (Romanenko et al.,
2014; Evangeliou et al., 2015). BinbIiiicTh paTioHyKITiIiB, 110 MOTPAITH-
I JI0 BOJIOKM, JIOCUTB IIBHJIKO aKyMYJTFOBaJIaCh TOHHMMH BiIKIIajia-
Mu. 3BaXKalO4M Ha Te, IO TEPeBAKHO Y BEPXHBOMY IIapi JIOHHHX
BiTKIaziB fenonoBaHo St — 89-95%, *'Cs — 99%, “*Pu, *** Py,
2 Am — maibie 100% 3aranbHOT KITHKOCTI paiOHyKITiB CKOCHCTEMH
(Gudkov et al., 2010; Ashraf et al., 2014; Bondar et al., 2015), nuromy
PaioaKTUBHICTH BOZIOIM 1 BOJIOTOKIB HIHI BU3HAYAE IHTCHCHBHICTB 1X
oOmiHy 3 BomarMH Macamu (Bondarkov et al.,, 2011; Gudkov et al.,
2016a, 2016b). Cepen HaitHeOE3MEUHIIIMX HACIIIKIB PAIOHYKIIITHOIO
3a0pyIHEHHS HABKOJIMIIIHHOTO CEPEIOBHINA, BUKIIMKAHNX aBapicro Ha
Yopuobwiscekiit AEC, craim reHeTH4Hi 3MiHH OpraHi3MiB, sIKi BHSIB-
JSIOTBCS PI3HUMM (hOpMaMHl TIATOTEHE3y, 3aTPUMAHHSAM PO3BUTKY,
PocTy, 3HIDKCHHSIM 1HTENEKTY, CKOPOUESHHSIM TPUBAIOCTI JKHUTTA Ta 3a-
rubemto ocobmH (Garnier-Laplace et al., 2015; Busby, 2017; Nakamu-
ra, 2018). ToMy npOBeIEHHS DOCIHKEHb MyTareHHOI aKTUBHOCTI pa-
JUOHYKIITHUX 3a0pyHEHb BOJM Ta JIOHHUX BIIKIAIB BOIOWM 30HU
BimuayxeHnst YAEC nacth 3MOry BCTAHOBUTH MOTCHIIAHY MyTArcHHY
HeOe3MeKy BOIHUX 00 €KTIB, CIPOrHO3YBATH MACIITAOHICTh TCHETHY-
HHX HACJIKIB HEKOHTPOJILOBAHOTO 3HIDKEHHS PIiBHS BOM Y BOIOMMAX
3onu Biguyxertst YAEC, ciprurHEHOro PUPOIHAMH KIIMATHIHAMHU
3MiHAMH Ta TlepeA0aYCHIMH IHKSHEPHUMI KOHTP3aX0IaMH 3 JIC3aKTH-
auii (Talerko et al., 2013).

I3 yacy aBapii JOHWHI cepe MIMPOKOro KoJIa HAyKOBIIIB TPUBAIOTH
JICKYCIl HABKOJIO NTUTAaHHsI MyTareHHOI aKTUBHOCTI HU3BKUX JI03 IIPO-
JIOHTOBAHOTO Ta XPOHIYHOTO OMPOMIHEHHS Ta TCHETUIHHX HACITIZIKIB X
BIUIMBY B KOMIUICKCI 3 XIMIYHUMH QHTPOTIOTCHHIMU YNHHUKAMH HaB-
KOJIAIIIHBOTO CEpPeOBHIIA. Y FOro BHpIIICHHS 3HAYHHI BHECOK 3/ii-
CHHJIM YHCIICHHI JIOCITIDKEHHSI, IPOBEICHI Y MPUPOJIHNX YMOBAX CyXO-
JIONTy PaiOHYKITIHO 3a0pyaHeHol 30uu Bindyxents YAEC, abo x y
T1a00paTOPHIX YMOBAX 13 BUKOPUCTAHHSM BiTiOpaHHX IPYHTOBHX IPOO
(Medvedeva et al., 2014; Mousseau & Moller, 2014; Boubriak et al.,
2016; Itoh et al, 2018). IIpoTe BMBYEHHIO TE€HETUMHUX HACIIIKIB
PaIOHYKITITHNX 3a0pyIHEHb TIOBEPXHEBHX BOJ, Pa/liOEKOJIOTIIHA CH-
Tyallisl B SIKMX BU3HAYAETHCS KITBKICTIO OCUTMX HA BOJIHY TIOBEPXHIO
PaTiOaKTUBHUX PEYOBHH 1 CKJIAJHUM KOMIUIEKCOM TPHUBAIUX B3aEMO-
it motiarux npupoxunx cepenosut (Gudkov et al., 2010; Pohreben-
nyk et al., 2016), npuinsieTscst HeHaNEKHA yBara. Y pe3yJibTaTi HU3KH
TiIpo0ioNoriYHNX TocimkeHb 300U BimaykerHs YAEC (Sazykina &
Kryshev, 2003; Bondarkov et al., 2011; Gudkov et al., 2011; Fuller
etal., 2015; Beresford et al., 2016; Gudkov et al., 2016; Shuryak, 2017)
BIISIBJICHO BHCOKMI PiBEHb a0epalliif XpoMOCOM B eMOPIOHAIBHUX TKa-
HHHaX pHO, MOJIIOCKIB 1 KOPEHEBUX MEpHCTEMax BHILMX BOIHHMX POC-
JIMH, HEXapaKTepHEe IaTOJIOTIYHe TaTy)KeHHs [aroHiB O4epery, aHo-
MaJIbHI HOBOYTBOPEHHSI B MICIISIX CYL[BITh, (MIYKTYIOUy acHMETpII0
CTYJIOK Yepernallki MOJIFOCKIB, aHOMAJTIT B CHCTEMI PerpoIyKLi Ta op-

TaHiB pH0, KAHIIEPOreHE3 TBAPUH, 3HIDKCHHS CTIKOCTI JI0 IIKITHUKIB i
XBOPOO, MiBHILEHHS cMepTHOCTI. [lepeBakHO MyTariii B TigpobioHTIB
IH/TyKOBaHI XPOHIYHOIO JH€F0 IHKOPIIOPOBAHKX (- Ta [3-BHIPOMIHFOFOYHX
PATIOHYKITIIB, SIKi, JTOKATI3YIOUNCh Y KIITHHHOMY SIpI Ta KOMILIEKCAX
JIHK-6i10K, 3yMOBITIOIOTH BHCOKY BiTHOCHY OiOJIOTiYHY e(eKTHBHICTD
BHYTPILIHBOTO OMPOMIHEHHs1. PO 4acTKi 30BHIIHBOTO Y-ONPOMIHESHHS
y opMyBaHHI CyMapHOi MyTareHHOCTI BOZIOWM Y BiIJaieHi CTPOKH
miicist aBapii Ha YAEC 3amImaeThest He IOCTaTHRO JOCTIHKEHOIO.
Haitoimein indopMaTHBHI Ta YyTIMBI MapKepy MyTareHHOTO 3a-
OpyHEHHS (30KpeMa, XPOHIYHOTO PaialliiftHOrO BIUTHBY B HU3BKHX
J103aX) — IUTOTEHETHYHI MOKa3HHMKH, a caMe XpOMOCOMHI abepartii B
KitiTHHax pociuH (Al-Dulaimi et al., 2017; Qureshi et al., 2017). Po3pa-
XYHKH, BUKOHAHI Ha OCHOBI BHBYCHHS HACIIIKIB OIPOMIHEHHSI, [IOKa3a-
JH, 1110 HMOBIPHICT BUSsIBICHHST aGepariit xpomocoM y 10°-10* pasis
BHIIIA, HDK IMOBIPHICTB BHSIBICHHS MYTALIii OKPEMOTO JIOKYCY, a OLIIHKa
MyTALIHHOIO MpPOLECY 3a JOMOMOIOK IIMTOTCHETUYHOTO aHAN3Y J1ae
pe3yJbTary, 3iCTaBHi 3 pe3yJIbTaTaMH, OTPUMAHUMU METOJIOM EJIEKTPO-
(opetiuHoro anamisy i3oepmentis (Ramzaev et al., 2008). V 38’s13xy
31 3HAYHUM PAIOHYKITTHAM 3a0pyIHCHHSIM 3eMeJb TIiCIsl aBapil Ha
YopuoOmberkiiik AEC 0co0nmMBOi akTyanbHOCTI HaOyllo BUBYCHHS
BIUIMBY IOHI3yIOUOrO BHIIPOMIHIOBaHHS Ha CLIBCHKOIOCHOAAPCHKI
KyJIBTYpH, 30KpeMa, Ha osuMmy mueHuio (Kosakovskaja & Gudkova,
2005), mo 3yMOBWIO ii IMPOKE BUKOPUCTAHHS SIK POCIIMHHOTO TECT-
00’ekrta. Mera 1j€l cTaTTi — OLIHUTH YacTOTy Ta CIIEKTP XPOMOCOMHHX
abepartiif y KIiTHHAX KOpeHeBoi Mepuctemu Triticum aestivum L. 3a
TPOJIOHTOBAHOI [Tii PaTiOHYKITITHIX 3a0pyIHCHb BOY Ta JJOHHKX Bijl-
KJIa1iB BOJIOIM OJIM>KHBOT 30HH BimdyxeHHs YopHoOmischkol AEC.

Marepian i MmeToau 10CTiKEHb

Hacinns gBox copriB mmenui Mol o3umoi (Triticum aestivum L.)
Anp0atpoc ofiechKHi 1 3UMOsIpKa BUTPUMYBAIH BIPOIOBXK 18 ToymH y
npobax Bomw p. Iprr’site (M. YopHOOWTS), p. Bparinka (mamba 39),
Bonoiimu-oxononarka YAEC (beperoBa HacocHa cramiist (BHC)),
CeMUXO/ICHKOrO 3aTOHY, BiBinaHoro kaHany 3 YAEC, o3. ['mboke Ta
03. AsByunH (puic. 1), cymapra nuroma akTiBHicTs 'Cs 1 St B siKix
craHoBuiia, Bimnosimo, 0,17, 2,53, 2,11, 7,76, 91,99, 70,08 Ta
52,99 kbK/M’. TTomanblie IPOpPOIIYBAHHS HACIHES TPOBOIHITH 32 TEM-
niepatypu 24-26 °C y varkax [lerpi Ha 3BonOKeHOMY (DUIBTPYBAIIB-
HOMY mianepi. JIis BU3HAYeHHs [IUTOreHETHYHO! aKTUBHOCTI PalioHyK-
JIJTHYX 3a0py/HEHb JOHHUX BiJKJIa/IiB BOJOHM HACIHHS IIPOPOLyBaJIH
nipotsiroM 40 romyH y MaHuX cyOcTpaTax, BitiOpaHnX Ha JIiBOMY Ta
npaBomy Oeperax [Tpur’sitcbkoro kanany (MK-6 mobmmsy mocty), y
Bonoimi-oxonomkysaui YAEC (BHC), Bimpimuux kanamax 1-3 YAEC,
CyMapHa IHTOMA aKTHBHICTH 'Cs i 'St B SIKMX CTAHOBWITA, BITOBIHO,
23,2, 16,0, 26,7, 42,0, 45,0 Ta 17,0 kbK/KT. 32 KOHTPOJL B3SITO MPOOH
BOJIM Ta IOHHUX BiIKJIAIB 3 YMOBHO 4rcTOro 03. ['onociiBcbke M. KuiB,
nuToMa akTrBHiCTS > Cs i St B sikoMy craroBia 0,021 kB, TTpoGi
BOJIM T JIOHHHX BiK/IaiB BinOupam B 2015 pori 3a cTaHIapTHAMU Me-
Tommkam (Parshad & Sanford, 2001). BrmiproBaHHs THTOMOI aKTHBHOCTL
137Cs 1 *Sr npoeziero JICTT «JopHOGHITECEKF T CIICLKOMOIHAT 33 J0MO0-
MOTOFO Y~CTIEKTPOMETPHYHON KOMITTICKCY Ta HUBBKO(OHOBOIO -patiomMeTpa.

Kopinui npopoctkiB gopxuHor0 0,8-1,0 cM mpotsirom 4 romus
¢ixcyBam y ¢ikcaropi Knapka, 1110 cxnamaerscs 3 96% po3uuHy eru-
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JIOBOTO CITUPTY Ta JILOISHOI OL[TOBOI KUCJIOTH Y CITiBBiHOIICHHI 3 : 1.
XiMiyHy Mariepariito KOpiHIiB IPOBOIWUIM B | H PO3UMHI COJSTHOT KUC-
notu ipotsiroM 1 xB. Ticyst 3akiHueHHs Marieparii 3 METOI0 TIO/IIb-
LI0T0 POBE/ICHHSI aHAJI3y XPOMOCOMHHUX abepalLiii 1 opyIeHb MITO-
3y KJITHH KOPIHII MOMIIIATIA Y PO3YHH aLleTOOpCeiny Ha 24 TOMHH 3a
Temmepatypu 25 °C.

Ca

\
CHARNS

Puc. 1. Miciust BinOupats ipo6 BO/W Ta AOHHHUX BIIKIIAIB Y 30H1
Bimuyxenss YopHoOmtscpkoi AEC: 1 — CeMHXONChKUiA 3aTOH,
2 —03. I'muboxke, 3 — 03. AzOy4rH, 4 — BogoiiMa-oxonomaik YAEC
(BHC), 5, 6 — niBmit i npaswit 6eper [pumn’ sTchkoro KaHamy
(MK-6 6inst mocrty), 7, 8, 9 — BinBinni kaHamm 1-3 HAEC,
10— p. Ipurt’sitb (M. YopHoOWIE), 11 —p. Bparixka (ramba 39)

J1st MiKpOCKOITIYHOTO aHaTi3y FOTYBAIM THMYACOBI IaBJICHi [IUTO-
JIOriYHI MperapaTy 3a 3arajbHONpuiiHsITAMUA Metoaukamu (Pausheva,
1988). MikpockoridyHe BHBYCHHS MEPHUCTEMATHYHOI 30HH KOPIHLIB
TIPOBOJIFIIN 13 3aCTOCYBaHHAM Mikpockora Jenaval (Carl Zeiss, Jena) 3a
36impmenrs “900. TTix Yac BU3HAYCHHS JACTOTH XPOMOCOMHIIX abepa-
11 1 TOpYIIIeHb MITO3y 0 yBard Opamyl KITHHY, SIKi IlepeOyBam B
aHaasi Ta panHiii Tenodasi. Bubipka st KOKHOTo BapiaHTa CTAHOBH-
n1a He MeHIe sk 1 000 krituH, siki aHamisyBam B 20 1 GiIbIe NepBHH-
HHX KOPIHIUIX. YPaxOByBa/IM 4acTOTy a0ePaHTHHX KIIITHH SIK BiICOTOK
KIIITHH B aHadasi Ta paHHii Tesodasi, 110 MICTHIIN OPYILESHHS XPOMO-
coM. [l oOumcieHHsI cepeHbOl KUTBKOCTI abepamiii Ha abepaHTHY
KJIITHHY BpaxoByBaIM KITHHH 3 0, 1, 2 Ta MHOYKUHHIMH XPOMOCOM-
HIMU abepartisvu (>2 abepartiit). CratrcTiaHy 00poOKy eKCIiepuMeH-
TAIBHUX JAHUX 3IHCHIOBATH 3araJIbHONPUIHATAMU METOIaMH, JI0-
CTOBIPHICTb PI3HHLII OLIHIOBANHN 3a KpuTepieM CThIOZICHTa TCIs Iepe-
BIPKHM HOPMAJIBHOCTI pO3MOJUTy BUOIpKU. Y TaONMILIX HABEICHO Bill-
COTKOBI YaCTKH XPOMOCOMHHX abepatiiii Ta cepeiHi moxubKi BUOIPKO-
BHX CEpeIHIX apU(pMETHYHHUX.

Pesynbratn

YV MepucTeMaTUHUX KIITHHAX MEPBUHHUX KOPIHIIB MPOPOCTKIB
TIIICHUIT, SIKi 3a3HATN PaJlialliiiHOro BIUIUBY BOJOMM i BOIOTOKIB 30HH
Bimuyxennst YAEC, BUSIBIIEHO 3pOCTaHHSI YaCTOTH XPOMOCOMHHX abe-
patiii i nopyureHs Mitosy B 1,6-4,2 paza. HaiiBuiwii piBeHs IMTOreHe-
THYHOI aKTHUBHOCTI XapaKTepHWil Ui 3pa3KiB BOIM, BimiOpaHuX i3
Bopoiivu-oxornogauka YAEC ta Cemmxozcekoro 3atoHy. Yacrora
XpOMOCOMHHX abepariif y 2,8-4,2 pasa mepeBHIlyBajla TTOKa3HUKA
KOHTPOJIBHOTO PiBHA Ta cktanana 1,77% i 1,90% B MeprcTeMaTHaHmX

KIITHHAX KOPIHINB copTy Aubdarpoc oxechbkmit i 2,21% i 2,28% y
copty 3umosipka (Tabn. 1). BB 3a0pymHeHb i3 HAHBHINOK MHTO-
Moto akTuBHicTio 2'Cs i Sr y Bozi BinBigHOro Kanany 3, 03. [miGoke
Ta 03. A30y4HH Ha KOPEHEBY MEPHUCTEMY MPOPOCTKIB HACIHHS IMIIICHH-
11l He CIPUYWHKB CTPIMKOTO 3POCTAHHS YacTOTH a0epaHTHHX KIITHH.
3a BIUMBY pamiOHYKITiIHHX 3a0pyIHEHb BOAM BiIBIAHOTO KaHATY 3 Ta
03. ['muboke 4acToTa KIITHH i3 XPOMOCOMHIMH abepallisiMH COpTY
3uMosipka cranouia 1,96% ta 1,53%, 110 iCTOTHO TIEPEBHIITyE CIIOH-
TaHHUI PiBeHb BIMOBIIHO ¥ 2,8 Ta 3,6 pasa. CTaTUCTUYHO BIpOTiTHOTO
3pOCTaHHs YacTOTH KIITHMH i3 XPOMOCOMHMMH a0epalissMi B COpTY
ATB0aTpoc OJIeChKHii 32 BIUTMBY PAiOHYKITIIHUX 3a0py/IHEHb 3a3Haue-
HHUX BOJIOIM HE BISIBJICHO, IIPOTe iX piBeHb B 1,9 Ta 2,0 paza nepeBurly-
BaB MOKA3HUKH KOHTPONIO. 3pocTanHs B 1,6 Ta 2,2 paza dacToTu abe-
PAHTHUX KIITHH y COPTIB AJE0aTpoc ofiechKuii Ta 3UMOSIPKA 32 BiZICYTHO-
CTi CTATUCTUYHO JIOCTOBIPHOI PI3HUIT 31 CIIOHTAHHAMI TTOKA3HUKAMH Ta-
KO BUSIRTICHO 34 BITTUBY PATiOHYKIIIHIX 3a0py/IHEHb BOH 03. A30y4HH.

PiBeHb LIMTOTEHETMMHUX MOPYILIEHb 32 BIUIMBY PAIiOHYKIIIB y
Bomi p. [pur’site (M. YopHOOWMIIB) CTAHOBUB TSI MEPHCTEMATHYHIX
KITHH copty Asb0arpoc omechkuii 1,06%, st copry 3umosipka —
1,18%, mepeBHUIITy0YM TOKA3HUKU CIIOHTAHHUX XPOMOCOMHHX MOpY-
IIeHb BiATOBIAHO B 1,7 Ta 2,2 paza. 3pOCTaHHS 4acTOTH abepaHTHUX
wrtiH B 1,9 1a 2,1 paza (1,22% y copry Ampbarpoc omechkuii Ta
1,14% y copry 3uMOsipKa) BUSIBICHO TAKOXK Y MEPHCTEMI TIEPBUHHIX
KODIHIYB, sIKi 3a3HAIM BIUIMBY pPamiOHyKIIHHX 3a0pyAHEHb BOIM
p. Bparinka. BincyTHicTh CTaTHCTHYHO JOCTOBIPHOI Pi3HMII MDK Hac-
TOTOKO a0CPAHTHUX KITITHH KOPEHEBOI MEPHUCTEMH TIIICHHITI, KA 3a3Ha-
JIa TIPOJIOHTOBAHOI JIii iOHI3yIOUMX BHIIPOMIHIOBAHb PaIiOHYKITITHIX
3a0pyHeHb BonoiiM 30HH Bimuyxerts YAEC (03. A3Oyuun, p. [lpu-
IU'SITh 1 p. bparinka), Ta KOHTpoJieM, BKasye Ha HAOIDKEHHS TIOKa3HHKIB
LITOreHETUYHOI aKTHBHOCTI OKPEMUX BOIOTOKIB 1 BOZOWM 30HH BiI-
ayxerrst YAEC 1o criontanHoro piBHs. OTHAK MEPEBUILICHHS YacTo-
TH XPOMOCOMHUX alepalliif y/Bidi MOPIBHSHO 3 PIBHEM CHOHTAHHHX
[IUTOreHETHYHKX MOPYILIEeHb CBITYMTH PO HACIIIKH e()eKTy HOIBOIO-
BAJIGHOI JIO3M ONPOMIHEHHSI MEPUCTEMATUYHUX KITHH I MyTareHHY
HeOe3MeKy iCHYIOYMX HU3bKUX MOTY)KHOCTEH pagioHyKITTHIX 3a0py/I-
HEHb 3a3Ha4eHHX BOJHUX 00’ €KTiB OrrbKHBOi 30HH BimdyskenHs YAEC.

3a BIUIMBY PaIiOHYKIIIHUX 3a0pyAHEHb NOHHUX BIIKJIAIIB BO-
JIOM 9acToTa XPOMOCOMHHUX alepalliif y KITHHAX KOPEHEBOi MepH-
CTEMU TIIICHUII TIepEeBHIIyBala CIIOHTaHHI MOKa3HUKH B 1,6-3,3 paza
(Tabu. 2). HaiiBumry [@TOreHeTHYHY aKTHBHICTD I0HI3yIOUOTrO BHIIPO-
MIHIOBaHHSI BHSIBJICHO 3a TIPOPOLILYBaHHs HACIHHS B CyOCTpaTi JOHHHX
BinkiagiB BisinHoro kaHary 2 YAEC. Yacrora abepaHTHHX KIITHH
craHoBwia 2,50% y copry Asbdarpoc oneckkuii i 2,94% y copry 3u-
MOSIPKA, I1I0 ICTOTHO MEPEBHILYBAJIO [IOKA3HUKH KOHTPOJTIO Bi/ITIOBITHO
y 3,3 i 3,1 pasa. 3poctaHHs piBHS XpOMOCOMHHX abepatiii y 2,1—
2,4 pa3a, 110 CTAaTHCTUYHO BIPOTiIHO TIEPEBHIITYBAIIO CIIOHTAHHI ITOKa3-
HVIKH, BUSIBJICHO 32 BIUIMBY PAJIOHYKIITHUX 3a0pyJHEHb TOHHUX Bil-
KB JtiBoro Oepera [Ipuir’ ITChkOro KaHATY Ta BOJOHME-0XOJOIDKY-
Baya YAEC. YHacniok pamiariifHoro ypakeHHs MEpHCTEMATHIHHX
KIITHH NEPBHHHNX KOPIHIIB MIICHUL COPTY 3UMOSIPKA, HACIHHSI SIKOT
HPOPOILLYBATM Ha CyOCTpaTax JOHHHX BiKIAIB BiIBITHIX KaHaiB 1 13,
YacToTa a0EPAHTHUX KJIITUH IEPEBHUIIlyBaJIa [IOKA3HUKM KOHTPOJIO B
2,2-2.3 pa3za, Ha BiIMiHY Bifi copTy AJb0aTpoc OechKuii, ie 3pOCTaHHs
PIBHSI KJIITHH 13 XpOMOCOMHHMH abepartisimu B 1,6-1,9 paza mepeOyBa-
JI0 32 MEXAMH CTATUCTHYHOI IOCTOBIPHOCTI.

BuBurBIm pagioexonoriyai npoOieMu BOIHIX €KOCHUCTEM 30HU
Bimuyxernss YAEC, peski JOCITITHUKHA JHHIIDT BUCHOBKY, IO HAii-
HIDKUOIO ITMTOMOIO AKTHBHICTIO PamiOHYKIIIB XapaKTepH3yIOThCS
KOMITOHCHTH PIYKOBHX CKOCHCTEM, JIOHHI BIIKIAM SKHX 3a3HATIH
HPUPOIHOTO CAMOOHYMILICHHS Ta 33 POKH, 110 MUHYJIM 3 Yacy aBapi,
MEpPEeCTATH BifrpaBaTH iCTOTHY POJib BTOPUHHOIO JDKepena 3a0py.-
Henns BonoiM (Gudkov et al., 2010). Y pesysbrati aHanisy IUTOTEHE-
THYHUX TIOPYIIEHb Y KIITHHAX PI3HUX 32 TEHOTUIIAMH 3pa3KiB IMIIEHH-
1, IHyKOBaHNX PajiOHYKJIiIAMH JIOHHHX BIIKIAiB IpaBoro Oepera
IIpur’sTchKoro KaHaTy, HE BCTAHOBJICHO CTaTHUCTHYHO BIpPOTiIHOTO
3pOCTaHHs YaCTOTH XPOMOCOMHHX a0epallii, OJHaK il piBeHb IepeBH-
IIIyBaB KOHTPOJIbHI MOKA3HUKU y/Bivi. [{e MokHa po3rysiiary sk Ha-
CIIOK e(heKTy MOABOIOBAIBHOL JO3H OMPOMIHEHHS, 110 CBITIUTH IIPO
MOYK/IMBY TeHETHUYHY HeOe3IeKy paialiiHiX 3a0pyIHeHb.
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Ta6mmus 1
YacroTa XpOMOCOMHHX abepalliil B 031MOi TIICHHIII 32 il paliOHYKITiTHOr0 3a0py/IHEHHS BOJIOIM 30HH BimuyxeHH HAEC

BuBueHo MiTO3H 3 HOPYIICHHAMH Ta BuBueno MiTO3H 3 HOpYLIEHHAMH Ta
Mictte sitBopy 3paskis aHa-Teno(a3 MITO3iB,  XPOMOCOMHHMH aﬁoepan;im aHa-Teno(as MIiTO3iB, XPOMOCOMHHMH abepaliisiMu
1IT. 1LIT. % IIT. 1IT. %
Amp0aTpoc oniechKuit 3umosipka
03. ['osociiBebke (KOHTPOJIb) 1277 8 0,63 +0,22 1088 6 0,55+£0,22
p. Ipur’sitb, M. YopHOOHH 1230 13 1,06 +0,29 1103 13 1,18+033
p- Bparinka 1067 13 1,22+0,34 1317 15 1,14+0,29
Bognoiitma-oxonomsank YAEC 1693 30 1,77+0,32% 1358 30 2,21 +040*
CeMUXOZICBKHiT 3aTOH 1473 28 1,90 +0,36* 1187 27 2,28 +£0,43*
Bizsizanii kanan 3 YAEC 1490 19 1,28+0,29 1173 23 1,96 +£041%*
03. ['1mboke 1424 17 1,19+0,29 1049 16 1,53 +0,38*
03. A30yunn 1599 16 1,00+0,25 1070 13 1,22+034
Tpumimka: * — P < 0,05 NOPIBHSHO 3 KOHTPOJIEM.
Ta0smuus 2
Yacrora XpoMOocOMHHUX abepalliii B 03MMOI TIICHHII] 32 /i pagioHyKJITHOTO 3a0pyIHEHH S JOHHKX BiKIIa/IiB BOIOWM 30HM BimayskeHHs YAEC
Busueno MiT03H 3 HOPYILIEHHSIMH Ta Busueno MiT03H 3 HOPYIICHHSIMH Ta
. . . aHa-Teno(bm XPOMOCOMHHMMU a6epam'sﬂwy1 aHa-Teno(pm XPOMOCOMHHUMH a6epamm\m
Micre Binbopy 3paskiB S o A o
MITO3IB, IIIT. IIIT. % MITO3IB, IIIT. LT, %
Anp0aTpoc of1echKuit 3umosipka

03. ['osociiBebke (KOHTPOJIb) 1073 8 0,75+0,26 1053 13 0,95+0,30
Bizsizsnii kanan 1 YAEC 1187 17 1,43+035 1112 23 2,07 +0,43*
Binginxuii kanain 2 YAEC 1242 31 2,50+0,28* 1327 39 2,94+ 0,46*
Bizsizsnii kanan 3 YAEC 1063 13 1,22+033 1235 27 2,19+0,42%
TTpyi’strepkuii KaHa (TipaBHii Oeper) 1453 22 1,51+£0,32 1051 20 1,90+0,42
Tpur’sirebKuii KaHaT (1B Geper) 1461 26 1,78 +£0,35* 1458 32 2,20+0,38*
Booiima-oxonoyank YAEC 1683 26 1,54+0,30* 1448 33 2,28+0,39*

Tpumimka: * — P < 0,05 NOPIBHSHO 3 KOHTPOJIEM.

KoHTporb CHiBBiHOILICHHS XPOMOCOMHHX MOpYILeHb pisHoro Ty 4,4 ta 1,2-2,5 pasa (tabi. 3). HailOinbliy KibKiCTh aleHTPUIHUX
BOKIMBUH MiJT YaC NPOBEICHHS PaliOCKOJIOTTYHIX JIOCIIDKEHb. AJDKe (parmeHTiB, 1110 nepeuiyBaia B 2,9 Ta 4,4 paza ix ClOHTaHHE iHITy-
3a BITHOCHO HHM3BKOTO CTPECOBOTO BIUIMBY CIIOYATKY BiIOYBAETHCS KyBaHHsI, BHSIBICHO 32 BIUIMBY pamialliiHUX 3a0pyAHEHb BOIOWMU-
3MiHa CIEKTPa MOPYIICHb MITO3Y, a JIUIIE TTOTIM — 3POCTaHHS KUTBKO- oxonomarka YAEC 1 Cemmxoxacekoro 3atoHy (puc. 3). Kimbkicts
cri maronoriii (Artjuhov & Kalaev, 2005). Crexrp THITIIB XpOMOCOM- AIEHTPUYHUX (parMeHTIB 1 MOCTIB Y MEpUCTEMATHYHUX KIITHHAX
HUX a0eparliif 1 HOpyIIeHb MITO3y 3a PaliOHYKJIITHOTO 3a0pyXHEHHS copTy 3UMOsIpKa, IHyKOBAHHUX BUNPOMIHIOBAHHSM PaIiOHYKIITHIX 3a-
BOJIY Ta JIOHHUX BiZIKJIa 1iB BOOHM 30HH BiuyxkeHHs: YAEC nepeBax- OpyaHeHs BozioliM 3oHM BimuykeHns: YAEC, 3pocrana BimmoBinHo B

HO TIPENICTABJICHUI AllCHTPHYHUMH (pparMEeHTaMK, MOCTAMHU Ta Bil- 1,4-2,1 1a 1,7-16,9 paza. 3a piBHeM iHIyKyBaHHS MOCTIB (30KpeMa, i
CTarO4MMHU XpoMocoMamu (puc. 2a—2). PiBeHb arleHTpruHKX (hparMeH- MOZBIMHMX) y KIIITHHAX COPTY 3UMOSIPKa BCTAHOBJICHO, 1110 HAMBHUIIIOIO
TIB i MOCTIB Y MEPUCTEMATUIHUX KIITHHAX COPTY AJBOATPOC Oech- MYTAareHHOIO aKTHBHICTIO XapaKTepHU3y€eThCsl pafialiiiiHe 3a0pyIHEeHHS

KUl BUKITMKaHWHA PaJiOHYKIITHAM 3a0pyAHEHHSAM BOZIOWM 30HHU Bif- Bogoivu-oxonomkyBada YAEC, BingimHoro kanamy 3 HAEC, 03. A3-
uyxenas YAEC, nepeBuiiyBaB piBeHb KOHTPOIIO BiANOBIMHO y 1,4— OytrH, CEeMHXOICHKOTO 3aTOHY.

¥

Puc. 2. Turm xpomocomHnx abepartiii i HOPyIIEeHb MITO3Y, IH{yKOBaHi pamioHyKITiTHIM 3a0pyJHEHHSIM BOIOHM 30HH BirdyxeHHs1 YAEC:
@ — OIVHIYHUHN aleHTpUIHMH (pparMeHt, 6 — apHi aneHTpHIHi (pparMeHTH, 8 — MICT, 2 — BiJICTal04a XpOMOCOMa,
0 — XPOMOCOMHE KUIBIIE, € — TApHi XPOMOCOMHI KiTBLIS; 6ap — 5 MKM

192 Regul. Mech. Biosyst., 9(2)



Tabmuns 3

CrieKTp THITIB XPOMOCOMHHX abepalliif B 031MMOT MIIICHHII 32 JTii paIioHy KT IHOTO 3a0pyIHEHHS BOIOWM 30HH BimuykernHs YUAEC

YacTtoTa TUMIB IOPYIIIEHs MITO3Y T4 XpPOMOCOMHHX abepautiii, %o Kinbkicts abepartiit
Micue Bioopy 3paskiB (parviesm MocTH (bparmeHTH Mikposipa BiJIcTaro4i xpoyocom{i Ha a6§pamny
Ta MOCTH XPOMOCOMH KUIbLIST KIITUHY
Anp0aTpoc oechKuit
03. ['osociiBebke (KOHTPOJIb) 031+0,15 024+0,14 0 0 0,08+0,08 0 1,00
p. [pym’ Ty, M. YopHoOIS 0,57+021 024+0,14 0 0 024+0,14 0 123
p- Bparinka 0,66+0,25 0,28+0,16 0,09+0,09 0 0,19+0,13 0 1,15
Bonoiima-oxonoaxauk YAEC 0,89+0,23 0,53+0,18 0 0,06+ 0,06 0,24+0,12 0,06+ 0,06 1,20*
CeMUXO/IChKHIT 3aTOH 1,36 +0,30* 027+0,13 0,07+0,07 0,07+0,07 0,14+0,10 0 1,32%
Binginuauii kanan 3 YAEC 0,54+0,19 0,60+0,20 0,07 40,07 0,07+0,07 0 0 1,21*
03. ['mboke 042+0,17 0,28+0,14 0 0,14+0,10 0,35+0,15 0 1,12
03. A30yunH 0,50+0,17 031+0,14 0 0 0,19+0,11 0 1,19
3umosipka
03. ['onociiBebke (KOHTPOIIb) 0,46 +£0,20 0,09+0,09 0 0 0 0 1,17
p- Hpurt’stts, M. YopHOOMIB 0,64+0,24 0,54+0,22 0 0 0,09+0,09 0 1,31
p. bparinka 0,68 +0,22 0,15+0,10 0 0 0,30+0,15% 0 1,13
Bonoiima-oxonoaxauk YAEC 0,96 +0,26 1,03+0,27* 0 0,07+0,07 0,15+0,10 0 1,13
CeMUXO/ICHKHIA 3aTOH 0,76 £0.25 1,52+0,35* 0 0 0 0 1,11
Bimsimamit kanan 3 YAEC 0,85+0,27 0,68 +0,24* 0,09+0,09 0 0,26+0,15 0,09+0,09 1,09
03. ['mboke 0,95+0,30 0,19+0,13 0 0 0,38+0,18* 0 1,31
03. A30yunH 047+021 0,65 +0,24* 0 0 0,09+0,09 0 1,15
Tpumimka: * — P < 0,05 NOpIiBHAHO 3 KOHTPOJIEM.
L . (pparverTi ® MocTH PaionyxotizEe 3a0pyJHEHHS JOHHUX BiOKIAiB BiIBTHMX KaHA-
Lg 4 p miB 1, 2 Ta siBoro Gepera [Ipurr’sITCHKOr0 KaHay CHPUYHHIIIO 3pOC-
’ % TaHHS YaCTOTH KIITHH 3 aEHTPHYHIMH (pparMeHTamu B 2,5-3,9 pasa,
SEE 1o cranosia 0,93% 1 1,45% y copty Anbdarpoc onecbkuii Ta 0,75%
= y copTy 3UMOSIPKa, 32 KOHTPOIBHKX TToKasHHKIB 0,37% 1 0,19% (Tabm. 4).
g 1,4 IcTOTHE 3pOCTaHHA YaCTKU MOCTIB XPOMOCOMHOTO Ta XPOMATHJIHOIO
§ THITIB BiTHOCHO 3arajlbHOrO PIBHSI [IMTOICHETHYHKX MOPYILICHb BHSB-
S 127 JICHO 32 BIUIMBY HA KIiTHHH KOPEHEBOI MEPHCTEMH PATiOHYKITHIX
E Lo A 3a0pyHEHb OHHHX BiIKiIamiB BimsimHoro kaHaty 3 YAEC i miBoro
g’ Oepera Ilprr’siTcbkoro KaHamy y copry AJB0AaTpoc ONEChKHH Ta
S 0 - BiIBITHOTO KaHaty 2, mpaBoro Oepera [pum’sTchkoro kaHamy Ta
; Boztoiivu-oxonomuka YAEC y copry 3umospka (puc. 4). x pisenn
s 0.6 7 TIEPEBHUIIYBAB CIIOHTAHHI MOKA3HUKH Y 2,2—3,1 pa3a i CTAaHOBUB BIi/IO-
g BimHo 0,941 1,16, 1,88 1 1,66% 3a ix nokasuukiB y koHtposti 0,37 1 0,76%.
£ 047 CrieKTp THIIB XPOMOCOMHHX abepallii y KOpeHeBii mepucteMi
02 TIIEHNL 3a Jil pagiOHyKITTHUX 3a0pyJHEHb BOAM Ta IOHHUX BiIKia-
’ i Bonoiivu-oxonoarka YAEC, Bininanx kanams 1-3 YAEC pozmm-
0,0 1 PpIOBaBCs 32 PaXyHOK 1HIyKyBaHHS XPOMOCOMHHUX KiTelm (pHc. 10, e).
a L2 3 4 5 6 7 8 THIyKyBaHHS B MEPHCTEMATHYHHX KIITHHAX [IPOPOCTKIB COPTY 3UMO-
2,0 m gparvenmn 8 yocTH . APKA IIAPHHX XPOMOCOMHHX KLIICIIb PaliOHY KT THHMH 3a0py IHEHHAMU
18 JIOHHUX BUIKJ'Ia,Z[lvB BiiBigHoro kaHairy 3 YAEC Bkasye Ha pO3pHB
’ XPOMOCOMH Y TOI MOMEHT, KOJIM BOHA TPEJICTaBIeHa (DYHKIIOHAIBHO
2 16 onuHM4HOIO HUTKOIO — GO- wn Gl-nepiomu inrepdazu (Durante et al.,
= 1998; Markovi¢ et al., 2017).
g 1,4 " 'V CIieKTpi HIUTOreHETUYHHX TOPYIIEHb, BUKITMKAHUX paTialiiiHiM
§ 3a0pyaHeHHsM Bonolimu-oxononanka YAEC, BigBimHoro kaxamy 3
S 127 YAEC i CeMHXOJICHKOTO 3aTOHY, BUSIBISIOTHCS TIOOJMHOKO MIKpOSiTI-
E Lo A pa, sKi GOPMYIOTBCS TIEPEBAKHO 3 AICHTPUIHUX (PparMeHTiB Ta dyT-
g’ * * JIMBI JI0 MyTareHHOCTI HABKOJMIIHBOTO cepeosriiia (Osman, 2014).
g 081 3BaKaKOUM Ha T€, IO [1isl I0HI3YFOUOro BUIPOMIHIOBAHHS JUTSI TIPH-
é POJIHHX EKOCUCTEM HPAKTUYHO HIKOJIM HE HPOSBIISIETHCS B «HHCTOMY»
s 061 BHIIH, OPIEHTANIis TECTIB i3 BU3HAYCHHS umc_)reHemtmo'i aKTHBHOCTI
g 04 | TEHOTOKCHYHHX .3a6py,E[I-HOBa‘11B TIMIIe Ha 0§nm CTPYKTYPHHX XPOMO-
S5 coMHHX abepamiii ui nomkomkeHs JJHK icToTHO 3ByKye ysBIEHHS
02 1 PO MyTarcHHI BIACTHBOCTI JOCIIDKYBAHHX YHHHUKIB, 0arato 3 sKix
’ 37aTHI BUKJIMKATH TEHOMHI MyTarlii 0e3 IposiBy BUPaXKEHOTO KJIACTO-
0,0 rersHoro edexty (Duesberg et al., 2000). OcobnuBY IiKaBiCTh y T'eHe-
6 1 2 3 4 5 6 7 8 THYHII TOKCHUKOJIOTIi BUKITUKAE OOJIiK HEPO3XODKEHHS XPOMOCOM, OC-

Puc. 3. [H1yKyBaHHS B 03UMOI IMIIICHHIT COPTIB AJTEOATPOC OJICCHKHIA
(@) Ta BumMosipka (6) ateHTPHYHUX (hPArMEHTIB i MOCTIB

PaIioHY KT THAMH 3a0pyAHEHHSIME BOJOMM 30HH Binuyxettst YAEC:

1—03. TonociiBcbke (kOHTpOIb), 2 — p. [purr’site, 3 — p. bparinka,
4 — Bonoima-oxonoguuk YAEC, 5 — CeMux0nChKuii 3aTOH,
6 — BimBigawmii kaHan 3 YUAEC, 7 — 03. [mboke, 8§ — 03. A30yHH;
* — P < 0,05 nopiBrstHo 3 koHTposeM, n = 1 000, x £ SE

KUTBKH B OCHOBI LIi€l ro/Iii stexxats nepBuHHi morkomkeHHs e JIHK, a
OiKiB BepereHa nozity Kiithai. HalBuIiy 4acTKy aHeyIUIoiHIX Kili-
tvH — 0,35% y copTy Anp0aTpoc omechKuii BUSBICHO 3a BIUIMBY pa-
JIOHYKITTHMX 3a0pymHeHb Bomu 03. ['mmboke Ta 0,38% i 0,30% y
copty 3UMOsIpKa — 3a BIUTUBY 3a0pyIHEHb 03. [ mboke Ta p. bpariaka,
BINOBITHO. 3HAYHY YACTKy IMTOreHeTHYHMX TopyiieHsb (0,24%) cra-
HOBJISITH BIJICTAKOUi XPOMOCOMH B MEPHCTEMATHYHUX KJIITHHAX COPTY
Anp0aTpoc ONeChKUH, SIKi 3a3HAIM BIUIMBY MyTareHiB Boau p. Ilpu-
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1sITh 1 BozoriMu-oxonoraika YAEC. 3a0pymHioBaIbHI YUMHHUKH JI0H-
HHX BIZIKIAMB BooiM YopHOOMIECHKOT 30HH IHIYKYHOTh MOPYIIICHHS
MITOTHYHOTO anapary 3 HeBUCOKOk0 yactororo 0,08-0,24%, 110 nae miz-
Taomuusn 4

CreKTp THIB XPOMOCOMHIX abepalliii B 03MMOI MITICHHIT 3 J1ii paJiOHyKIIIHOrO 3a0pyIHEHHS IOHHUX BiIKIIAIiB BOIOHM 30HM BimuysxeHHs YAEC

CTaBy MPHUITYCTATH HASBHICTh HE3HAYHOTO BMICTY AHCYTCHIB — PEUo-
BYH, IT[0 BIUTMBAIOTH HA Ariapar MOIUTy KIITHHH, Ta ITiIBUIIICHOrO BMICTY
KIJIACTOTeHIB — YHMHHUKIB, 5IKi 0€3[10CePEIHbO /II0Th Ha XPOMOCOMH.

YacToTa THITB NOPYILIEHb MITO3y Ta XPOMOCOMHUX abepatiii, %o Kisbkicts abepartiii
Micue Binbopy 3paskis FO— - (parventni  pincraioui  Xpomocowmi  HaaOepaTHy
MOCTH XpOMOCOMH KUIbLIS KITHHY
Anp0arpoc ofechbKuit
03. ['osociiBebke (KOHTPOJIb) 037+0,18 037+0,18 0 0 0 1,00
Binginuuii kasan 1 YAEC 0,93+0,28 0,42+0,19 0 0 0,08+0,08 1,35%
Bisipsnii kanan 2 YAEC 145+034*  0,89+0,26 0,08 0,08 0,08 +0,08 0 1,39*
Binginuuii kasan 3 YAEC 0,28+0,16 0,94+0,29 0 0 0 1,08
Tpurr’sirebKuii KaHaJ (Tpaswii Geper) 0,69+0,22 0,55+0,19 0,07+0,07 0,20+0,12 0 1,36*
Tpu’sitebkuii Kanai (JTiBuii Geper) 0,48+0,18 1,16 +0,28* 0 0,14+0,10 0 1,19*
Bonoiima-oxonoank YAEC 0,71 £0,20 0,65+0,19 0,06 +0,06 0,12+0,08 0 1,12
3umosipka
03. ['osociiBebke (KOHTPOJTb) 0,19+0,13 0,76 +0,27 0 0 0 1,00
Binsinuuii kasan 1 YAEC 0,45+0,20 1,53+037 0,09+0,09 0 0 1,26*
Binginuuii kanan 2 YAEC 0,68+0,22 1,88 +0,37* 0 0,15+0,11 0,15+0,11 1,28*
Binsinuuii kasan 3 YAEC 0,49+0,20 1,38+0,33 0 024+0,14 024+0,14 1,19%
Tpur’sitebkuii Kana (pasuii Geper) 0,28+0,16 1,62+0,39 0 0 0 1,20%
Tpurr’sitebkuit Karas (JTiBuii Geper) 0,75+0,22* 1,24+029 0,07+0,07 0,14+0,10 0,14+0,1 1,25%
Boyoiima-oxononk YAEC 048+0,18 1,66 +0,33* 0 0,07+0,07 0,07+0,07 1,12%
Tpumimka: * — P < 0,05 NOPIBHSHO 3 KOHTPOJIEM.
2.4 1 m bparverm W mocTy T;l?lqdm TEHCTHYHHX  TIOYIIICHD, CIIPHYHHCHHX pa;liauii_'mmvl
2,2 1 ONPOMIHEHHSM, BiZIOOPaXKAIOTh KJITHHH 3 MHOYKHHHUMH a0epariisiMu.
2.0 - TlokasHuk KinbKoCTI abeparliii Ha abepaHTHY KIITHHY He TepeOyBae y
| * TIpSIMiH 3QUIEXKHOCTI BiJ YacTOTH abepaHTHUX KINTHH i SIBISIE cOOOI0

e

SIKICHO BiIMIHHY KUIBKICHY XapaKTEpHCTHKY IUTOICHETUIHOI AKTHBHO-
CTi pamiariiiHoro 3a0pymHeHHs cepenosuina (Tawn et al., 2017). Vera-
HOBJICHO, 1[0 KUTHKICTh a0epalliii Ha aOepaHTHY KIITHHY JJIi COPTY
Anp0atpoc oniechkuii HABUIIMIA 3a BIUTMBY 3a0pynHeHb Boau Cemu-
xozcbkoro 3arony (1,32), p. [purr’sts (1,23), BonoiMH-0X0momKyBa-
ga YAEC (1,20) Ta BigsigHoro xanainy 3 YAEC (1,21), a ms copty
3uMosipka — 3a BIUUBY 3a0pyHeHb Boau p. [lpur’ste Ta 03. ['mboke
(1,31). He3Bakaroun Ha HEBHCOKY YACTOTy KJITHH i3 XPOMOCOMHHMH
abeparisMy, MMTOMA aKTUBHICTb PaiOHYKIIB y Boai p. [Tpwrr’siTs iH-
IKy€ B MEPUCTEMI TIPOPOCTKIB TIIICHHAIIl 3POCTAHHS YaCTKU KIITHH i3
MHOXXHHHUMH abeparisMi. B MepricTemi mpopocTkiB 3a 1ii pajtioHyK-

k=N
.

S

YacroTa XpOMOCOMHMX alepatliii, Yo
e e -
£ [=)) o0 (=} S

L
S

a 0.0 1 2 3 4 5 6 7 JITHUX 3a0py/IHEHb IOHHUX BiKIaIB BiBimHUX KaHamB 1 12 YAEC
2,4 4 . Ta JIBOTO Ta MpaBoro Oeperis ITpur’STCHKOro KaHaTy NOKa3HUK KiJlb-

22 ® parvenrs W mocTH KocTi abepatiiii Ha abepaHTHy KiIiTHHY cranoButh 1,08-1,39 y copry

* Anpbarpoc onecekuid Ta 1,12-1,26 — y copry 3umosipka. PamioHyk-

2,01 JiiHe 3a0pyIHEHHS JOHHUX BiIKJIa B paBoro oepera [ Ipum’sitcbkoro

1,8 1 KaHaJly, sIke IH{yKye HU3bKY 9acTOTy KIIITHH i3 XpOMOCOMHHMMH abepa-

1.6 ILiSIMH, BUKJIMIKA€ B MEPHCTEMI TIPOPOCTKIB IIIICHUIT iICTOTHE 3pOCTAHHS
YaCTKU KIITUH i3 MHOKMHHUMH aOepattisimu. ODKe, TIPUPOIHI BOIHI
00’extn 300U BimuyxeHas YAEC, piBeHb paJiOHYKITTHUX 3a0pyi-

YacroTa XpOMOCOMHMX a0eparli, Yo

1,2 4 HEHb SIKMX XapaKTePH3Y€EThCsl BUCOKOIO LIMTOTEHETHYHOIO aKTHUBHICTIO,

1.0 - IHIYKYIOTb i3 BUCOKOIO YacTOTOIO KJIITHHH 3 KOMIUICKCHUMH XPOMO-

05 COMHHMH TIepeOyZOBaMH, 0 BBAKAETHCS CHEIUDIYHAM IIPOSBOM

’ 10JTOTYHOTO BIUTMBY i0HIZYIOHOTO B {HIOBAHHSL.

GionoriyHoro IOHI3yH04Or0 MIHFOB2!

0,6 1

0,4 - O0roBopeHHs1

0,2 4 . .. .

3a ocTaHHI pOKH y IpyHTaX YOpHOOWIBCHKOI 30HU BiTdy KCHHS

p 00T ) 3 4 p p ; BCTAHORJIEHO TEHIEHIIIIO 110 30LIBIIEHHS BUXOLY MOGUILHIX Gionoriy-

HO JIOCTYITHHUX (h)OPM PaiOHY KB, SIKi 3 IOBEPXHEBHMH Ta IPYHTOBHU-

Puc. 4. [HnyKyBaHHS B 03UMOI MIIIEHHIT COPTIB AJTEOATPOC OIECHKHUIA
(@) Ta 3uMosipKa (0) aeHTPUYHKX (DParMEeHTIB i MOCTIB
PpamioHYKITiTHIMY 3a0py THCHHSIMH JIOHHUX BiITKJIA/IiB BOZOHM 30HH
Bimay>keHnst YAEC: 1 — 03. ['onociiBebke (KOHTPOIIB), 2 — BinBiIHMI
kanai 1 YAEC, 3 — sinsigumii kanan 2 YAEC, 4 — Bijsignuii kanai 3
YAEC, 5 — Ipurr’strebkuii kaHa (pasuii Oeper), 6 — [pur’ sirebkuii
KaHa1 (J1iBHii Geper), 7 — Bonoiima-oxonomurk YAEC;

* — P < 0,05 mopiBustHo 3 korTposem; n= 1 000, x = SE

MH BOJaMH MOTPAIUIIOTH Y TiIPOJIOTYHY MEPEXY, € IBHIKO BKITFO-
YaroThesl y Olotnunmii kpyroo6ir (Gudkov et al., 2010; Gudkov et al.,
2016). [lonnHi He BTpavae CBOET aKTYaIBHOCTI OLIHIOBAHHSI MyTarcH-
HOI aKTUBHOCTI TOJIOBHOTO JDKEpENia HAJXOKCHHS PaIiOHYKIIIIIB JI0
KacKaJy JTHIPOBCHKUX BOIOMM — p. [IpHIT’STh 13 YKCIICHHUMHE 03epa-
MU Ta CTapHIIMH il 3aIUIaBy, sIKi y TCISaBapiiHUIA TIepioN 3a3HAIH
HalliHTeHCHBHIILIOrO pagioHykiiaHoro 3abpyauenss (Gudkov et al.,
2010; Bird & Little, 2013; Suga et al., 2014; Fuller et al., 2018). 36i15-
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LIeHHsT KUTBKOCTI abepariiii XpoMOCOM Yy KJIITHHAX MEpPUCTEMATHYHUX
TKAHWH — Hecrieli(iuHa peakilisi KIITHH )KHBHUX OpraHi3MiB Ha BIUIUB
MyTareHiB HABKOJIMIITHBOTO CEPEIOBHILIA, KA BUSIBISETHCS 3a il YMH-
HUKIB Pi3HOT HPHPOIIH, 30KpeMa ioHi3yrodoi pasiariii (Pojoga et al., 2013;
Tawn et al., 2015; Nurmansyah et al., 2018). Ha BiqmiHy Bix npapoaHo-
TO pamiaiiHoro (oHy, TOJATKOBE OMPOMIHEHHS Bif IITYyYHUX Pajiio-
HyKJIIIIB Y 3aMKHEHHX 1 IPOTOYHMX BOJIOMMAX 30HH BiTUY>KEHHS, 110
XapaKTePH3Y€ETHCS 3HAYHOK) HEOTHOPITHICTEO PO3IOALTY Y POCTOpi Ta
Yaci, CHPHUMHSIOTH HElPOrHO30BaHe OararopasoBe 3pOCTAaHHS YaCTOTH
XPOMOCOMHHX a0epalliil y pOCIIHH MIKpOsiIep Y KIITHHAX KPOBI TiIpo-
OIOHTIB TBApHHHOTO MOXODKEHHsI, HOsBY (UIyKTyariiiHOl acuMerpil
MOJTIOCKIB, ITOTBOPHOCTE# 1 KaHueporenesy pu6d (Gudkov et al., 2011;
Rudenko et al., 2013; Gudkov et al., 2016a, 2016b).

Pagionyxminse 3a0pyIHEHHS BOIOWM OJVMKHBO! 30HH BiTIyKEHHS
YAEC ugepe3 30 pokiB micst aBapii IPOIOBKYe 30epiraTi BUCOKY IIH-
TOTCHETHYHY aKTHBHICTB Ta IHyKy€ B KITITHHAX KOPEHEBOI MEPHCTEMHU
03MMOi TIIICHHUI iCTOTHE 3POCTAHHS LMTOICHETHYHHX IOPYIIICHb.
PiBeHb abepaHTHHX KIITHH KOpeHeBoi Mepucremu 1. aestivum L. He
niepedyBae y MHpsiMiil 3aIeKHOCTI BiJf CyMapHOi ITUTOMOI aKTHBHOCTI
¥Cs i Sr y Boxi Ta cyOCTpaTax JOHHHX BIIKTAIB BOIOHM, IO MOYKE
OyTH 3yMOBIICHO OCOOJMBICTIO MEXaHI3MIB peraparlii MOIIKOIKEHb
JHK y niana3oHi HI3BKUX 103 onpoMiHeHHs. CKIIafHy HeNiHiiHy 3a-
JISKHICTB «1032 — e(peKT» y paiioHi HI3BKHX 103 BISIBIJIM TAKOXX IHIII
JIOCITITHAKH 32 XPOHIYHOTO OMPOMIHEHHS B 30HaX Bimdy:xeHHT YAEC
Ta CXifgHO-Ypanbchkoro pamiariiitoro crmigy B Crepis tectorum L.,
Hordeum vulgare L. ninil waxy, Rana temporaria L., Clethrionomys
glareolus L., Cricetulus griseus L., xnitun momuxu (Shevchenko et al.,
1998; Shmakova et al., 2002; Geras’kin et al., 2007). Bincytricts
3aJISKHOCTI BUXOAY TCHETHYHMX MOpPYIIEHb Bill JO3M ONPOMIHEHHS
TOB’SI3YIOTh 3 YBIMKHCHHSIM 32 IEBHHX YMOB YIIKO/DKEHHS KITITHH
IHIyImOeNbHOI perapanii Ta NUTONPOTEKTOPHUX IIPOLIECIB, IO
TIiIBHIILYIOTh PAiOpe3UCTEHTHICTB KIITHHHOI nomyswsii (Janion, 2008).

B iHIIIMX J0CTIHKEHHSIX BUSBIICHO 3aJICKHICTh YaCTOTH XPOMOCOM-
HIX TIOPYLIEHb BiJl BEJHYMHU TMTOMOI aKTHBHOCTI 3a0pymserns >'Cs
BOIWM Ta IpyHTY y Phragmites australis L., Lymnaea stagnalis L., Pinus
sylvestris L., Oenothera biennis L., siki 3a3HaBaJIA XPOHIYHOTO BILTHBY
BHCOKHX TOTY)KHOCTEH SIK 30BHIIIHBOIO, TaK 1 BHYTPIILIHHOTO i0Hi3yI0-
yoro onpomiHenHst (Ramzaev et al., 2008; Geras’kin & Volkova, 2014;
Gudkov et al., 2016). BinnoBigHo peaibHe 1030BC HABAHTAKEHHS HA
KIITHHE MEPHCTEMH MOXXE Ha IOPSIOK TEPEBHILyBATH OLUHKU 103,
PO3paxOBaHUX i3 MPHITYIICHHS PIBHOMIPHOTO OIMPOMIHEHHS TKAHWH
pocimur (Gudkov et al., 2011; Geras’kin & Volkova, 2014).

Bionoriuni Mapkepy paialiifHoro ypa)xeHHs OpraHi3MiB — IapHi
ALEHTPHUYHI (parMeHTH Ta JAULCHTPUYIHI XPOMOCOMH, SIKi BHSIBHIIHCH
NepeBKAIOUMMY THIIAMH XPOMOCOMHHX abepartiii 3a 00poOKu HaciH-
H mpoOamMy BOAM Ta JOHHMX BIIKIAAIB BOHOIM OMIDKHBOI 30HH
YAEC. IcHye Touka 30py, IO MiIBUIICHWI DIBEHb AlCHTPHYHUX
(bparMeHTIB — O3HAKa IPOJIOHTOBAHOTO OIPOMIHEHHST HI3BKOI TTOTY K-
Hocri. PamiariitHo-iHmykoBaHi B G,-Tiepiofii pO3pHBU XpOMAaTH yTBO-
PIOFOTHCSL B MOMEHT KOHJICHCALLT XpOMAaTHHY Ta (JOpMyBaHHSI XpoMa-
THHOBOIO BostokHa (Parshad & Sanford, 2001; Magin et al., 2015; Guo-
gyte et al., 2017). Moctu 3’SBISIOTBCS SIK Y PE3yJIbTaTi PO3PHBY Ta
00’ €AHAHHS PO3IPBAHKX KIiHI[B XPOMOCOM, TaK i BHACIIZIOK ariIFOTHHA-
wii (3mumanss xpomocoM) (Muratova et al., 2014; Albertson, 2015; Zo-
tina et al., 2015; Pampalona et al., 2016). Y nparisx iHIIMX JOCITiTHUAKIB
TAaKOXK 3a3HAYAETHCS NPHUYETHICTh PalOHIB 13 PaiOaKTUBHEM 3a-
Opy/IHEHHSM JI0 YTBOPCHHS MOIBIMHKX 1 MHOXXUHHHX JIMIICHTPHKIB
(Geras’kin et al., 2011; Firbas & Amon, 2014). He MeH1 BaxwiiBi Map-
KEpH paliaIiiHoro BIUHMBY — xpomMocomHi Kbl (Geras’kin et al., 2011;
Hristova et al., 2013; Firbas & Amon, 2014; Medvedeva et al., 2014),
SIKi BUSIBIICHO 32 [l PaliOHYKJIIHUX 3a0pyaHEHb BOAHM Ta JOHHHX
BIIKJIAiB BOAOHMHU-OXOJOMKYBada 1 BimBimaMX KaHamB 1-3 YAEC.
BBakaeTbcs, 10 iX YTBOPEHHS TIOB’s3aHe 3 00OMIHOM JUISTHKAMH JIBOX
IUIeYel Ti€l camol XPOMOCOMH 31 3MHTTSIM i MPOKCHMATBHUX KiHIIB
(Medvedeva et al., 2014). Po3prB XpoMOCOM i YTBOPEHHSI MOCTIB Cy-
TIPOBODKYIOTHCS TIOSIBOIO ALICHTPUYHUX (pparMeHTiB, sKi Haifyacrime
3aITi3HIOKOTECS B MITO31. 3a palialfiifHoro BIUMBY (hOPMyBaHHS MIKpO-
sanep Ha 90% 1oB’s13aHe 3 BKIIOYCHHAM Takux (parmentis (Lisowska
et al,, 2014; Qian et al., 2016). Tomy ix nosiBa 3 yactororo 0,07-0,14%

3a BIUTMBY PaiOHYKITITHUAX 3a0pyIHEHb BogoiMi-oxonomaika YAEC
BinBimHOro Kaunaty 3 YAEC, Cemuxonchkoro 3atoHy i 03. ['miboke
CBIIYHTH MO paialiiHe ypaKeHHs MEPUCTeMATHYHHX KITITHH.

CrieKTp IUTOreHeTHYHUX MOPYLICHb PO3LIMPIOBABCS TAKOXK 3a pa-
XYHOK iHIyKyBaHHs KJITHH i3 BiACTar0unMH XxpomocoMamu. Lle Moxe
OyTH TIOB’SI3aHO 3 HASBHICTIO Y BOZOMMAX XiMIYHMX KCCHOOIOTHKIB i
BAKKHX METAIIB, SIKi Y BEJTMKHIX KUTHKOCTSIX BHKOPHCTOBYBAIIH JUTS JIE3-
aKTHBALil Haif3a0pyTHEHIMNNX pPaiOHYKIIIAMHA TEPUTOPI 30HH Bil-
gyenHst YAEC. Edekr iX BIUMBY yacTillie MPOSIBIISETHCS Yepe3 B3ae-
MO0 3 GaraTbMa MillIeHsIMH, 1110 IIPSIMO YH OTOCEPEAKOBAHO KOHTPO-
JIOIOTH Cerperanito xpoMocoM. Haciiok Takux mofii — HesiHiiHa
3aJIEKHICTh YaCTOTH KUTHKICHUX XPOMOCOMHHX MOPYILEHb Bill KOHIICH-
Tpauii mytareny (Elhajouji et al., 2011). [osiBa K1iTHH i3 BiACTAIOUUMI
XPOMOCOMaMH MOKe OyTH TIOB’s3aHa 3 TIOPYILIEHHAM OpraHi3arii K-
THHHYIX [IEHTPIB MOJIULY, e()eKTaM1 BepETeHa MOALTY, OIKO/PKEHHS-
MH KIHETOXOpY UM Horo (yHKIii, 3MiHAMH BiJHOCHH MDK BEpPETEHOM
TMOJIUTY Ta KIHETOXOpaMH, eeKTaMH [ICHTPOMEPHOTO palioHy, 3MiHa-
MH B3a€MOJIii MiXK LIGHTPOMEPHIMH PAOHAMH CECTPHHCBKHX XpOMa-
Tin y npotieci mito3y (Compton, 2011; Passerini et al., 2016). Busisre-
HUI THI TOPYIICHb XPOMOCOMHOTO ariapary, 3a JAaHUMHU JACSKHX
asropiB (Kovaleva & Bagatskaia, 2013), my»e piko 3ycTpidaeTsest B
TIOMYJAIISX, He O0TSDKEHUX JI€F0 MyTareHHUX (DakTopiB, IO CBiTUNTH
MPO TOPYIICHHS TPOLIECiB KIITHHHOIO TOIUTY B pe3yJbTari He-
PO3XOIDKEHHS XpPOMOCOM Y pasi GJIOKa/IH BepeTeHa MOLTY.

IMpupomi BomHi 00’ extH 30HM Bimuyxenns YAEC, piens pajio-
HYKJTIIHUX 3a0py/IHEHb SIKHX XapaKTepPU3Y€EThCs BUCOKOKO IIMTOTEHE-
THYHOIO aKTHBHICTIO, IHIYKYIOTh KJIITHHH 3 KOMIUIGKCHUMH XPOMO-
COMHHMH T1epe0yI0BaMHy, 110 BBKAETHCS CICLU(IYHNAM MPosSBOM 6io-
JIOTTYHOTO BIUIMBY 10HI3YFOUOTO BUIIPOMIHIOBaHHSL. [HIyKOBaHi pafia-
LIfHAM OTPOMIHEHHSIM TIePBUHHI TOKopKeHHsT Monekyn JJHK pos-
TOJIUICHI TIO KJIITHHAX BiMIOBiTHO 10 3akoHy Ilyaccona (Obe et al.,
2002), a ix KIHIEBHI PO3IOJIUT MOXE ICTOTHO BiJ] IIbOTO BiJPI3HSTHCS.
binbiie Toro, unM 3HavHIIA POJIb CHCTEM BITHOBJICHHS, THM OLIbIIIC
PO3IIOILT MOMIKOKEHD MA€ BINPI3HATHCS BiJI IyaCCOHIBCHKOTO. Bino-
MO, IO KUTBKICTh KIITHH i3 MHOKMHHHMH a0epariisiMi J10303aJICKHO
30UIBLLYETHCS JIMILE B yMOBAX 3HAYHOIO MyTareHHOTO HABAHTAXKEHHS
(Shkarupa et al., 2011), ToMy 3pocTaHHs OKa3HHUKA KUTHKOCTI abepa-
it Ha abepaHTHY KIITHHY 32 BIUIHBY 3a0pyAHEHb BOZONM Ty YHAMH
PalioHyKITIIAMH CBITYMTH TIPO iX BUCOKY MyTareHHy aKTHBHICTb, sKa
YaCTKOBO BU3HAYAETHCS OCOOJIHMBICTIO PEAKIIIi-Bi/IIOBII CUCTEMH BiJ-
Hosnennst JIHK pamiariifHo ypaxeHoi KIIITHHH B Jjara3oHi MaIX 03
(Borrego-Soto et al., 2015; McMahon et al., 2016). Taxe npumyiieHHs
3HAXOJIUTH CBOE ITATBEPPKEHHS ITiJ] Yac aHali3y eKCIIePHUMEHTAIBHIX
JIAHKX LIOJI0 PO3MOALTY CTPYKTYPHHX MYTAllii 10 KJIITHHAX 38 OIpO-
MiHEHHsI HACIHHSI Ta MPOPOCTKIB 0araTeoX iHIIMX CUIHCBKOTrOCIIOnap-
cpkux pocirH (Geras’kin et al., 2007).

BucHoBku

PanionyxtiiHe 3a0pyJHEHHST BOIOHM OJIMDKHBOT 30HH BiTdyKEHHSI
YAEC 4epe3 30 pokiB Iicsst aBapii MpoIoBKye 30epiraTi BUCOKY IIH-
TOrHETHYHY aKTHBHICTb Ta IHIYKY€ Y KIITHHAX KOPEHEBOI MEPHCTEMH
03KMMOI MIICHHLY ICTOTHE 3POCTAHHS MTOTEHETUIHUX HOPYILCHD, 110
B 1,6-4,2 paza niepeBuIIye CIIOHTAHHUHN PiBEeHb. 3a IIOKa3HUKAMH Yac-
TOTH a0EpPaHTHUX KIITHH, CIIEKTpa THUIIB XPOMOCOMHHX adepariii Ta
KiJIbKocTI abepamiii Ha abepaHTHy KIITHHY BOHA HalfBHINA BT pa-
JHOHYKIITHUX 3a0pyaHeHb BoIM CeMUXOJCHKOTO 3aTOHY, BiIBITHOTO
kaHany 3 YAEC, 03. ['uboke, JOHHKX BiIKIaIiB BiIBITHOrO KaHATY 2
YAEC, niBoro Gepera [Ipur’sTchkoro KaHaly, BOZM Ta JOHHHX
Binkia/iB Boxoiimu-oxonoauarka YAEC. 3arexHoCTi MK piBHEM Xpo-
MOCOMHHX a0epalLliif i BelYHHOIO ITUTOMOI aKTHBHOCTI PaliOHYKJTiIiB
BOJIOIM HE BUSIBJICHO, 110 MOYKE CBITUUTH PO 1HIyKYBAaHHS [IATOTCHE-
THYHUX TIOPYIIEHb Y KITHHAX KOPEHEBOI MEPHUCTEMH IIIICHHUII BHa-
CITiJIOK OTPOMIHEHHS B J{iaria30Hi HU3BKUX J03.

HesBaxaroun Ha BiJICYTHICTH iCTOTHOI PI3HHIIl MK CIIOHTAHHOFO
YaCcTOTOK a0CPaHTHUX KIITHH Ta 1HIYKOBAHOK PATIOHYKITITHUM 3a-
OpymHenHsiM Boy p. [Tpum’site o6misy M. YopHoOwis, p. Bparinka
Ta JIOHHHX BiIK/IaiB npaBoro Oepera [Ipum’sTChKOro KaHay, IiIBy-
IICHUI PiBEeHb AHEYTEHHHX KIITHH Ta BUSIBJCHHS KIITHH i3 MHOXHH-
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HHMMH XPOMOCOMHMMH abepaliissMK CBiIYUTB NPO TeHEeTHYHY HebesIe-
Ky JUI1 OPraHi3MiB 3a3Ha4YeHHX BOJHHMX OO €KTIB. 3 ONBidy Ha Te, L0
MIATOMA PAIiOAKTUBHICTh BOZIOWM 1 BOJOTOKIB HHHI BH3HAYAETHCS iH-
TEHCHBHICTIO TePeXo/ly JACTIOHOBAaHMX JOHHHMH BiIKJIAJaMH Pasio-
HYKJIIZIIB y BOIHI MacH, TiJl Yac BUBEACHHS 3 €KCIUTyaTawlil BOXOMMU-
oxonomkysada YAEC Ta 3MiHM piBHSA BOIM y BOIOWMAax OJIDKHBOL
30HU BITYY>KCHHS HEOOXITHO TiependavuiTy cepell KPUTHIHUX IO
MOXUTHBICTH 3pPOCTaHHSI MYTareHHO! aKTUBHOCTI 3a0pyIHEHb BOIHIX
€KOCHCTEM 1 BOKKHX F'eHETHYHHX HACIIJKIB y T1POOIOHTIB.
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Introduction explain the habitat preferences of the land snail Vertigo geyeri in Poland

and Slovakia (Schenkova et al., 2012). Interaction of litter macrofauna

There are plenty of publications devoted to habitat selection by land
snails based on the investigation of mollusc communities from spatially
different biotopes which differ in vegetation cover, soil type, moisture
level (Millar & Waite, 1999; Martin & Sommer, 2004; Miiller et al.,
2005; Weaver et al., 2006). The number of invertebrates on a particular
plot changes randomly. It is impossible to predict in advance for any
moment of time at a given plot which of the factors will operate within
the optimum range and which at an extreme range for any given species
of invertebrate (Brygadyrenko, 2015a). The calcium content in the soil,
pH, the soil texture (Ondina et al., 2004), and the content of exchan-
geable cations and aluminum (Ondina et al, 1998) are the most
important among the edaphic factors which affect the molluscs. The soil
moisture plays a significant role in forming ecological niches of
molluscs (Nekola, 2003). However, P. Ondina et al. (2004) noted the
restrictions of the importance of soil moisture data at any given moment
because of the considerable changeability of this parameter. To help
address this situation phytoindication data application is an appropriate
method for assessment of land snails’ ecological characteristics and
community properties (Horsék et al., 2007; Dvotdkova & Horsak,
2012). Ellenberg phytoindication scales have been effectively used to

with herbaceous plants has been investigated in natural forests of
Ukraine’s steppe zone (Brygadyrenko, 2015b) and in poplar plantations
within city parks (Faly & Brygadyrenko, 2014). The importance of soil
factors in the spatial distribution, abundance and diversity of mollusc
communities has been revealed on a large-scale level of research
(Nekola & Smith, 1999; Jufickova et al., 2008; Szybiak et al., 2009).
The issue of the spatial scale and the hierarchy of factors acting on
molluscs are of special interest (Nekola & Smith, 1999; Bohan et al.,
2000; McClain & Nekola, 2008; Mysak et al., 2013).

Habitat is attributed by the presence of a certain range of resources
and ecological conditions which make it possible for a given species to
occupy, survive and reproduce in a given area (Hall et al., 1997). For
identification of the environmental characteristics which make a territo-
ry appropriate for the existence of a species, it is important to investigate
the selection of habitat types (Calenge & Basille, 2008).

The mollusc Vallonia pulchella (Muller, 1774) is Holarctic species
distributed around the world at high latitudes. In Europe it prefers wetter
habitats such as wet grasslands and swamps, as well as dry dunes and
meadows (Kemey & Cameron, 1979). In Ukraine it is found in modera-
tely dry and wet grasslands habitats (Gural-Sverlova & Gural, 2012).
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There have been few publications on the results of aut- and demecologi-
cal research on the land snail V. pulchella. In the 1930s, research was
carried out on the reproduction of this mollusc (Whitney, 1937, 1941),
which was continued in this century (Kuznik-Kowalska & Prockow, 2016).
It was revealed that the density of V. pulchella is affected by many soil
physico-chemical properties, especially calcium and magnesium con-
centration and pH of water extract (Hermida et al., 1993, 2000). Further-
more, interrelation was found between the abundance of V. pulchella
and pH and electrical conductivity of the water in marshy lowland
central Scandinavia (Schenkova et al., 2015). Local trends, as well as
the mosaic nature of the organization of the soil body determine the
structure of the vegetation cover. This explains the role of indicators in the
organization of ecological niche of mollusc V. pulchella, the dimension
of which exceeds the size of the ecological space of an individual of this
species. Soil mechanical impedance, as well as phytoindication indicators
of vegetation, determines the peculiarities of marginality and specialize-
tion of the ecological niche of V. pulchella. 1t is the measurement of these
indicators that makes it possible to draw a map of habitat preferences for
V. pulchella. Thus, ecological niche optima may be presented by integ-
ral variables such as marginality and specialization axes and may be
plotted in geographic space by means of habitat suitability index
reproduction (Yorkina et al., 2018).

Thus, the main aim of our work is to select the optimal model and
to evaluate model parameters of the abundance distribution of the land
snail V. pulchella (Miiller, 1774) (Gastropoda, Pulmonata, Valloniidae).

Material and methods

The studies were conducted at the research station of Dnipro Agra-
rian and Economic University in Pokrov in June 2012. Sampling was
carried out on a type of technogenic soil formed on red-brown clays
(geographic coordinates of the southwest corner of the polygon are
47°38'55" N, 34°08'33" E) (Zhukov et al., 2013; Zverkovskyi et al., 2017;
Kharytonov et al., 2018; Yorkina et al., 2018). According to WRB 2007
(IUSS Working group WRB, 2007), the examined soil belongs to the
RSG Technosols. A perennial legume-grass agrophytocenosis was cul-
tivated at this research station between 1995 and 2003, following which
the process of naturalization of vegetation began (Zhukov et al., 2017).

The area within which the samples were taken consisted of seven
transects of 15 samples each. The sampling points formed a regular grid
of a mesh size of 3 m. From the center of each sampling site a soil
sample weighing 100 g was collected. Each sample was examined in
the laboratory with a *10 binocular microscope MBS-9 and the number
of live specimens of V. pulchella was noted.

To obtain estimates of the mean, three models were used: the model
of the arithmetic mean, the Poisson model and a log-normal model.
Estimation of the mean from assumptions about the distribution of the
random variable according to Poisson was obtained by the formula
(Shebanin et al., 2008):

D=-In™ s )
n
where D is the mean estimation; n, is number of samples without the
presence of the species; n is total number of samples.

Statistical calculations were performed using Statistica 7.0 program
(Khalafyan, 2007) and a 95% confidence interval for the mean
estimation obtained using different models has been calculated on the
basis of the bootstrap approach using bootES package (Kirby & Ger-
lanc, 2013). The distribution of the number of individuals in a popula-
tion may also be described by the graphics "rank — abundance", which
are often used in community ecology (Whittaker, 1965). In this case, the
individual sample plot sites with molluscs may be regarded as
equivalents of individual species in the community. For the analysis in
this case, the following model can be used:

— broken sticks model (MacArthur, 1957):

N&1 ¥))
a ==
Py
— Motomura model (the Whittaker niche preemption model) (Mo-

tomura, 1932):
a,=Na(l-a)™; €)

"

—log-normal model (Preston, 1948, 1962):

a, = expllog(i7) +log(c)®] @)
— Ziptf model (Zipf, 1949):
a, = Npr’s ®)
— Zipf-Mandelbrot model (Mandelbrot, 1983):
a, = Ne(r+ )5 ©)

where 4 is the expected abundance of species of rank r; S is the

number of species; N is the number of individuals; @ is a standard
normal distribution function; p, is the estimated proportion of the most

abundant species; o, 1, g, , ff and ¢ are the parameters in each model.

The degree of adequacy of the model was evaluated using Akaike's
information criterion (AIC) and the Bayesian information criterion
(BIC). The best model has the lowest AIC and BIC.

Plant and soil data used for distance matrix calculation were
discussed previously in our publication (Yorkina et al., 2018). Statistical
calculations were performed with the help of the Statistica 7.0 program
and the project for statistical computations R (www.r-project.org) using
vegan (Oksanen et al., 2017).

Results

In examining 105 samples, 193 V. pulchella were detected. Thus,
the arithmetic mean of the occurrence of this species in sod lithogenic
soils on red-brown clays during the study period was 1.84 individuals
per of 100 g soil sample (Table 1). Thus, the observed distribution of
V. pulchella abundance in one sample is adequately described by the
Poisson law (Kolmogorov-Smirnov test: dgs = 0.089, P > 0.05) (Fig. 1).
This type of discrete distribution is described by a random flow (Puza-
chenko, 2004; Shebanin et al., 2008). Estimation of the average number
of molluscs in one sample calculated using the Poisson model is lower
and equals 1.40 individuals/example (Table 1).

Table 1
Estimates of V. pulchella population density based on different models,
individuals per of 100 g soil sample

Model D Dios = SD 95% CI
Arithmetic mean 1.84 1.79+0.23 1.35-227
Poisson distribution 1.40 143+0.20 1.08—-1.85
Log-normal distribution 1.28 1.26+0.14 1.03-1.52

Notes: D — density estimates of the population; Dy — bootstrap-based density
estimates of the population; SD — standard deviation; CI — confidence interval.

The pronounced asymmetric character of the distribution makes the
arithmetic mean an insignificant value of the general population mean.
It is quite logical that applying the log-normal distribution gives a lower
estimate of the mean density at 1.28 individuals/sample (Table 1). This
value is closest to the median value and mode, which is estimated at
1.00 individuals/sample.
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Fig. 1. Histogram of the empirical distribution of V. pulchella per 100 g
of soil sample (dashed line marks the theoretical
Poisson distribution for A = 1.40)

The use of curves "ranked-abundance" shows that the Zipf-Man-
delbrot model is the most adequate to describe the abundance of the
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population of V. pulchella within the study area, as the Akaike information
criterion for this model is the smallest among all least studied (Table 2).

Table 2
Statistics for the various models
of distribution “rank-abundance” experimental data

.. Information criterion
Model Deviation 4171 (AIC) _ Bayesian (BIC)
Broken sticks 30.30 232.29 232.29
Niche preemption 16.83 220.82 223.19
Log-normal 8.78 214.77 219.51
Zipf 723 21323 217.96
Zipf-Mandelbrot 337 211.36 21847

It should be noted that the Zipf-Mandelbrot model belongs to the
family of so-called non-Gaussian distributions (Khaytun, 2005). This
means that the sample statistics do not possess asymptotic properties

and by increasing the sample size, they tend to infinity, and are not close
to the values of the general population. Therefore, the average value of
the random variable that describes the non-Gaussian distribution has no
statistical meaning. From an environmental point of view, this means
that within the study area the capacity of the habitat is large, and for
some combination of environmental conditions the rapid growth of the
abundance of a given species is possible.

The Mantel test allows us to compare the correlation matrices among
themselves (Table 3). The Mantel test for matrices of distance measures
based on the number of molluscs (Euclidean distance) and measured eco-
logical characteristics (Euclidean distance) indicates a reliable correlation
of these matrices (r,, = 0.15, P=0.02). Mantel tests indicate that in a com-
plex of environmental indicators that affect molluscs, a key role is played
by edaphic factors (positive correlation) and phytoindication indicators
(negative correlation). The space (the matrix of geographical distances)
does not play an important role in the variability of the molluscs’ density.

Table 3
Correlations of distance matrices (Mantel test)
Factor All environmental Edaphic Phytoindication scales Spatial

indicators indicators all climate edaphic coordinates

Mantel Test r=0,15, r=0,15, r=-0,11, r=-0,05, r=-0,08, r=0,04,
p=0014 p=0,016 p=099 p=0,79 p=093 p=0,120

A partial Mantel test with control variables

Edaphic r=-0,12, r=-0,13, r=-0,06, r=-0,09, r=0,02,

indicators p=0997 - =099 p=0859 =096 p=0329

Phytoindication scales ;; 8:(1)8’9 p’: 8”(;8’9 - - - ;; 8:8;’7

Climate r=0,15, r=0,15, r=-0,10, _ r=-0,08, r=0,04,
p=0,016 p=0,015 p=0978 p=0937 p=0,153

Edaphic r=0,15, r=0,15, r=-0,08, r=-0,05, B r=0,05,
p=0,015 p=0,009 p=0954 p=0,784 p=0,123

Spatial r=0,14, r=0,14, r=-0,12, r=-0,05, r=-0,09,

coordinates p=0,023 p=0,028 p=0987 p=0,.806 p=0961 -

It should be noted that the information value for describing the
variation in the number of molluscs has a complex of phytoindication
indicators, and does not separate the matrices of climatic and edaphic
indicator values. The use of edaphic indicators as a control variable in
the partial Mantel test leads to a change in the correlation coefficient of
the distance matrices in terms of the number of molluscs and the matrix
of ecological indicators (t;,, =—0.12, P =0.997). This confirms the result
that edaphic factors and phytoindication indicators mark opposite ten-
dencies of influence of environmental factors on the mollusc populati-
on, while the Mantel test between the matrices of edaphic and
phytoindicating distances is positive (t,, = 0.11, P=0.013).

Phytoindication scales as drivers in the partial Mantel test do not
affect the correlation of molluscs and both environmental indicators in
general and edaphic indicators.

Thus, the analysis of the results of Mantel tests indicates a specific
character of the influence of edaphic factors and vegetation on the
population of the molluscs V. pulchella and the absence of influence of
spatial factors on the chosen scale. It is likely that the selected set of
indicators can fully describe the spatial variation of the population of
V. pulchella within the studied test site.

Discussion

Distribution of the species in the loci can be described by a number
of models. Abundance curves are widely used to describe dominance
structures in communities of living organisms. This tool can also be
used to describe the statistical distribution of the individuals in a
population. The difference consists in the fact that the x-axis will not be
delayed in the rank of species abundance and species abundance levels
in the locus of a given population. Ideally, the extent to which the actual
distribution of a particular model makes it possible to make a choice in
favour of one of the theories that explain the structuring of the
population (or community) (Pielou, 1975). Geometric series
(Motomura, 1932) was proposed to describe the benthic communities
of a lake. The parameter k of the distribution is a measure of the
complexity of the species composition of the community. According to

Tokeshi (1993), Motomura applied a geometric series as the simplest
mathematical form for the description of an ecological community,
although later this model was interpreted as a reflection of the
distribution of resources among species (Ferreira & Petrere-Jr., 2008).
From this viewpoint, the distribution should be described by a situation
in which the dominant species uses a proportion k of the whole initialty
available resource, leaving accessible proportion 1-k. The next
dominant species uses the same fraction k of the remaining available
resource. This goes for all species of the community. May (1975)
believes that the geometric series is a situation in which all species of a
community are energy equivalent and value of ecological interactions is
proportional to the abundance of species — more abundant species
require more energy from the system. Geometric series take into
account only the number of species and neglect the influence of the size
of the animals on the energy needs of a species (Ferreira, Petrere-Jr.,
2008).

Logarithmic series distribution proposed by Fischer et al. (1943)
slightly resembles a hyperbola decreasing with increasing number of
species and can be predicted from the expression:

ox, 0x/2, ax/3, ..., ox/n,
where ox’/n represents the number of species with n number of
individuals. The number x can be obtained from the equation

SN = [(1-x)/x]*[-In (1-x)]
and in practice is in the range 0.9-1.0 (Magurran, 2004). The constant o is
independent of the sample size and may be viewed as an index of diver-
sity, while remaining a robust assessment even in the case where the data
is not very well matched logarithmic series (Ferreira & Petrere-Jr., 2008).

Truncated lognormal distribution was proposed by Preston (1948).
With the species abundances in the histogram in logarithmic scale, the
author obtained a curve that is a good description of a large number of
community data. The R classes resulting logarithms are called octaves,
wherein each class represented twice the number of species of the
previous class (1, 2, 4, 8, 16 ...). The lognormal model has two
parameters: pL — mean value of the logarithmic score abundance and 6 —
standard rating average logarithmic abundance deviation (Ferreira &
Petrere-Jr., 2008). For real samples distribution is truncated on the left.
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The area behind this point represents species that is not included in the
sample, and it decreases with increasing sample size. MacArthur (1957)
suggested that the ecological niches in a community can be compared
with a stick of unit length, at which n—1 are randomly generated points
form n segments of length proportional to the abundance of each
species in the community. MacArthur’s broken stick model does not
contain parameters for evaluation.

Model Zipf (Zipf, 1949) has two parameters — abundance estima-
tion dominant form y and the parameter P, which indicates the
probability of occurrence of the species in the community. The Model
Zipf-Mandelbrot (Mandelbrot, 1983) has a third parameter o, which
may be regarded as ecological variety of potential environmental or
ecological niche diversity.

The geometrical model of the distribution of species abundance is
consistent with the hypothesis interception niches Whittaker (1972). It
assumes that every species of community sites in decreasing order of
abundance (increase in rank) uses a constant (K-th) of the remaining
resources of the community. For example, if the strongest competitor
(dominant) occupies 70% of the niche space using the appropriate
community resources share, the second most important species of able
to take a similar share of the remainder of the first niche space, the third
type — the same piece of space left over from the first and the second
kind, etc. According to this model, the proportion of community
resources used by the most abundant species (dominant) is not a special
case (the result of the biological and ecological characteristics or
accidental circumstances), and reflects the general character of the
distribution of niche space between species in different conditions.
Hence the community with a higher dominance of the most competitive
species must be characterized as having not only fewer resources
available for related species, but also a more "rigid" means of
distribution of resources among them (i.e. higher K values) that ceteris
paribus conditions may affect their species richness.

There are other types (models) of species abundance patterns, a
review of which is available in many publications (Whittaker, 1972;
Megarran, 2004; Ferreira & Petrere-Jr., 2008). They assume a more or
less uniform, compared to the geometric model, allocation of resources
and thus more or less marked predominance of one species. The former
include, for example, log-normal model and the "broken stick"
MacArthur; to the second — hyperbolic model.

According to the log-normal model (for the analysis of biological
communities, this was first used by Preston), K values in the species of
the first rank higher than the species next few ranks, and in accordance
with the hypothesis of random boundaries between niches MacArthur
vice versa. At the same time as the lognormal model and MacArthur
model typical for communities with a relatively low level of dominance.
Therefore, the allocation of resources between the associated views in
the three models (hyperbolic lognormal and MacArthur) is related to the
level less than the first domination rank species than in geometric.

Particular attention is paid to the types of distribution in the
community ecology and population ecology due to the need to open or
create a picture of the mechanisms of the relationship of the community
or population with the resources offered by the habitat. It is expected
that the community or the population is subject to the theoretical
concepts, on the basis of which are derived the corresponding types of
distributions. The fact that the population size distribution of V.
pulchella is not subject to a fully stochastic processes (Poisson
distribution model of the broken sticks) indicates that the selected site is
not entirely uniform for the species under study. It should be noted that
an alternative statistical broken stick model is a little more realistic,
which can only be the basis for the assumption of the presence of any
processes that may underlie the alternative models.

The best of the studied models to describe the number of molluscs
is the model of the Zipf-Mandelbrot. This type of distribution is often
found in the description of complex organized systems (Khaytun,
2005).The non-Gaussian nature of this distribution makes it difficult to
use traditional statistics to describe the corresponding processes. With
respect to the type of population, Mandelbrot-Zipf distribution systems
can arise as the result of significant increase in population numbers in
the formation of optimal environmental conditions. In other words, the

number is not in this situation, a marker of environmental conditions in
the sense that the relationship is not proportional. Then a great informa-
tional value is simply the fact of the presence (or absence) of the form.

Studies of terrestrial micromolluscs has always been accompanied
by significant methodological difficulties related to their small size. For
example, the diameter of the shell of many species of Vallonia Risso,
1926 does not exceed 2—3 mm (Gerber, 1996). However, the procedure
for assessing the abundance of species, using a widespread approach
based on test plots, characterized by significant errors and obtained on
the basis of such an assessment approach, cannot always be trusted
unconditionally. In addition, these estimates may differ even by two-
four orders of magnitude and cannot always be clear, these differences
are fundamental and are the consequences of violations of population
estimation procedure. For example, the population density of
V. pulchella in alder and oak forests of Belarus was 4-8 individuals/m’
(Zemoglyadchuk, 2005), on artificial Robinia stands in a recultivated
area near the town of Zhovti Vodi it was 5.6 individuals/m®
(Kul’bachko & Unkov’ska, 2008), whereas in ash-elm forests in Poland
it did not exceed the average of 0.13 individuals/m* (Koralewska-
Batura & Bloszyk, 2007), and in floodplain forests of Slovakia it was
0.07 individuals/m® (Cejka & Hamerlik, 2009). On the other hand,
Hermida et al. (1993) estimated the average density for three studied
populations of V. pulchella in Spain (meadow and forest habitats, as
well as near the river bank) to be 5.9-10.1 individuals/m’, reaching on
separate test plots values of the order of 200 individuals/m® In bush
willow depressions in Kazakhstan Uvalieva (1990) a density of 224
individuals/m” was estimated.

Therefore, in principle other methods have been proposed for
abundance estimates for litter micromolluscs, for example, collecting a
significant amount of topsoil, moss, lichen, leaf litter (volume 1012
liters), followed by hand sorting of these samples in a laboratory.
In addition, for complete extraction of the shells (if possible), a set of
sieves with decreasing mesh sizes may be used (Horsak, 2003).

For typical soil species it has been proposed to conduct sampling of
soil (specific weight), followed by its analysis under a microscope in the
laboratory. This method originated in paleozoology (Evans, 1972).
Using this approach, Davies et al. (1996) found the abundance of
V. pulchella to be 0.4-40.4 individuals per 100 g sample of soil on chalky
soils in UK, and for the Jurassic limestone in the center of Krakow
(Poland), its abundance was 1-22 individuals per 100 g of soil sample
(Gotas-Siarzewska, 2013). The results thus obtained are entirely consistent
with the data obtained in this study — 1-13 individuals per 100 g of soil
sample, which may indicate the higher accuracy of this method.
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We carried out MIC of the derivatives of 1,2,4-triazole II (4-((5-nitrofuran-2-yl)methyleneamino)-1-propyl-4H-
1,2,4-triazolium bromide) and I (N-((5-nitrofuran-2-yl)methylene)-4H-4-amino-1,2,4-triazolidium chloride) against
Escherichia coli ATCC 3912/4 and E. coli k88ad, Staphylococcus aureus ATCC 25923 and S. aureus k99, Klebsiella

Mu'tah University, Karak, 61710, pneumonia k56 and Salmonella typhimurium 144, S. enteritidis. All test cultures were sensitive to compound II at
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concentrations of 1,25-0,039 pg/ml. Similar MIC (0,039 pg/ml) of compounds II and I were set for £. coli k88a and
S. aureus k99 test cultures — 0,156 pg/ml. Only S. aureus ATCC 25923 and K. pneumonia k56 had sensitivity to
ceftriaxone (MIC = 0,097 pg/ml). Antiviral activity of Trifuzol (piperidine 2-[5-(furan-2-il)-4-phenil-1,2,4-triazol-3-
ilthioJacetate) and avistim (morpholines 3-(4-pyridyl)-1,2,4-triazolil-5-thioacetate) against the chicken infectious
bronchitis virus (VIB) strain 4/91 was characterized by a decrease in mortality and pathological changes of chicken
embryos (CE) which were induced by the virus. Death of infected CE provoked by the strain 4/91 of VIB in dilution
10~ occurred at 57.1%. The reduction in the percentage of deaths of CE infected by the virus in dilution 10 in the
presence of Avistim was 28.6%, and with Trifuzol 14.3%. The use of avistim and Trifuzol compounds reduced VIB

infectious activity when it was cultivated in CE, reducing the titre of the virus (strain 4/91) by 3 Ig EID 50 cm >,

Keywords: derivatives of 1,2,4-triazole; Trifuzol; Avistim; antibacterial activity; antiviral activity

Introduction

The compounds of 1,2,4-triazol-5 and 3-nitro-1,2,4-triazole-5 were
obtained at the beginning of the 20th century, and considered as
effective compounds in decreasing of the influence of many diseases
(Gehlen et al., 1964). The typical species in a range of compounds of
1,24-triazole are S-amino-1,2 4-triazole-3-carboxylic and S-amino-
1,2 4-triasole-3-iloacetic acid. The first of these was known at the end of
the 19th century. Dyes, plant protection products and antivirals
(ribavirin) were synthesized in industry on its basis (Abo-Bakr, 2014).

Derivatives of 1,2,4-triazoles are used in industry, agriculture,
veterinary and humane medicine. Among a large number of various
agents that have antibacterial, antifungal and antiviral effects, these
compounds deserve special attention in veterinary practice (Parchenko,
2011; Pattan et al., 2012; Zoumpoulakis et al., 2012).

The analysis of scientific and technical studies in recent years has
shown that the nucleus of 1,2,4-triazole is a structural fragment of
antifungal drugs (Fluconazole, Itraconazole), antidepressant (Trazodo-
ne, Alprazolam), hepatoprotective, wound healing and antiviral
(Thiotriazolin) effects (Plech Tomaz et al., 2013).

Currently 1,2,4-triazoles attract interest in antimicrobial chemothe-
rapy due to their high spectrum of biological activity. The emergence of
new pathogens and the difficult problem of resistance give rise to the
need for new antimicrobial agents with greater selectivity and low
accidental effects (Jyoti Sinha et al., 2017).

Among the compounds that have antibacterial activity, special
attention should be paid to 2-pyrazolines, 1,3,4-oxadiazoles, glycosides,
salicylates, quinolines, amino acids (glycopeptides), isatins, oxoindoles
and triazoles. The spectrum of use of morpholines 2-[5-(pyridine-4-il)-
1,2 A-triazole-3-ilthio]acetate for the treatment and prevention of poultry
diseases is very wide. The main indicators for the successful use of any
drug in the poultry sector are activation of the general resistance, increa-

se of preservation, growth and development of poultry post-hatching,
reduction of the influence of various stress factors, fortification of the
immune response to vaccines, prevention of the sickness rate of the
poultry in the context of threat of an infectious outbreak (Alrawashdeh,
2008). Some compounds of the triazolin group have a high level of
biological activity (Mavrova et al., 2009). So, the cytotoxicity of 21
compounds against thymocytes was proved (Truchlinski et al., 20006),
when the turkeys were given 1,2,4-triazole derivatives in comparison
with garlic extract and echinovite, there was an increase of leukocytes
number, cellular immunity the percentage of phagocytic activity of
neutrophils by 2 times. Ognik (2009) has determined the positive effect
of 5-ox0-1,2 4-triazole on 11-week-old turkey organisms at the dose of
30 pg/kg of body weight per day and established the antioxidant activity
of this compound.

Some strains of microorganisms, in the presence of Lozeval, recei-
ved resistance to it longer than to other drugs (Ampicillin, Levomy-
tsetin). Studying the stability of S. aureus, E. coli and Salmonella, it was
established that even after the 20th passage, high sensitivity to Lozeval
remains, however this has emerged to a much lesser extent to other
antibiotics (Onischiuk, 2004).

The minimum inhibitory concentration of compound 3f{4-{[(E)-(3-
Phenyl-1H-pyridazol-4-yl)methylidene]-amino } -4H-1,2 4-triazole-3-thiol)
against S. aureus, B. subtilis, E. coli, P. aeruginosa is 3 times lower than
the concentration of Ceftriaxon of 1.6125 mg/mL (Malladi et al., 2017).

New synthesized compounds — derivatives of 1,2,4-triazole have
had a variable inhibitory effect on Gram-positive and Gram-negative
bacteria. The minimum inhibitory concentration of (MIC) compounds:
3-(4-chlorophenyl)-6-(p-tolyl)-3,3a-dihydro-2H-pyrazolo  [30,40:4,5]
thiazolo[3,2-b][1,2,4]triazole(4b);  3-(3-nitrophenyl)-6-(p-tolyl)-3,3a-
dihydro-2H-pyrazolo [30,40:4,5] thiazolo[3,2-b][1,2.4]triazole(4c); 3-
(4-nitrophenyl)-6-(p-tolyl)-3,3a-dihydro-2H-pyrazolo [30,40:4,5] thiazolo
[3,2-b][1,2,4]triazole(4d); 3-(4-bromophenyl)-6-(p-tolyl)-3,3a-dihydro-
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2H-pyrazolo [30,40:4,5] thiazolo[3,2-b][1,2,4]triazole(4h); 3-(3-nitro-
phenyl)-6-(p-tolyl)-3,3a-dihydroisoxazolo [30,40:4,5] thiazolo[3,2-b]
[1,2,4] triazole(5¢)3-(4-nitrophenyl)-6-(p-tolyl)-3,3a-dihydroisoxazolo
[30,40:4,5] thiazolo[3,2-b][1,2,4]triazole(5d); 3-(4-bromophenyl)-6-(p-
tolyl)-3,3a-dihydroisoxazolo [30,40:4,5] thiazolo[3,2-b][ 1,2 4]triazole(Sh)
was 50% lower than the concentration of Chloramphenicol and Strep-
tomicin of 3,125 mg/ml against B. thuringiensis. Compounds 4b and
4d provoked the inhibition of growth of P. aeruginosa culture at the
concentration that was 50% lower than the compared species (Seelam
etal., 2016).

Bactericidal activity at a concentration of 10 mg/em’® was
established in 8% of the studied compound. The most promising
compound was 1.3.6.8-tetraazatricyclo[4.4.1.1.3.8]dodecan (AI-20, tio-
tropin), from which were synthesized two derivatives Al-21 (Zn-contai-
ning derivative of tetraazadigomoadamantane) and AI-22 (NHj; retaining
derivative tetraazadihydroadamantane). After 24 h of exposure,
inactivation of the cultures of S. aureus 209P, E. coli K12, E. coli 1958,
S. enteritidis occurred at concentrations of tetraazadigomodamantane not
lower than 0,032%, 0,017%, 0,012% and 0,019%, respectively. The an-
timicrobial activity of the synthesized ilidenhydrazide compounds
against S. aureus 209P, E. coli 675, S. disenteriae 1675 E, Proteus
vulgaris 5, B. anthracis 1319, P. aeruginosa 165 detects antimicrobial
activity, but does not exceed the activity of standard comparison
(Danilchenko et al., 2017).

The dynamics of sensitivity of S. aureus and E. coli strains have
been studied. These strains showed a high level of resistance to the pre-
parations of the groups of aminoacid, oxoindole, triazole and glicoside
despite the presence in molecules of the latest — OH-radicals and
phenols, stipulating the antiseptic properties of medicinal substances of
this group. Triazole M100 had a bacteriostatic effect only against S.
aureus, whereas Trizole M129 showed antimicrobial activity only
against E. coli strains (Thomas et al., 2012).

New alkil derivatives of 5-(furan-2-il)4-amino-1,2,4-triazole-3-thiol
and esters of 2-((5-(furan-2-il)-4-amino-1,2,4-triazol-3-il)thio)-acetate
acid have been investigated in relation to antimicrobial activity. All ten
compounds showed moderate activity. The most sensitive was S. aureus
ATCC 25923 to 3-pentylthio-5(furan-2-il)-4-amino-1,2,4-triazole, isopropyl
2-((5~(furan-2-il)-4-amino-1,2,4-triazol-3-ilthio)acetate and isobutil 2-
((5-(furan-2-il)4-amino-1,2,4-triazol-3-ilthio)acetate (Pruglo et al., 2016).

The group of antiviral drugs, based on the nucleus of 1,2,4-triazole,
is quite wide. It is established that the well-known drug tiotriazolin,
which is an S-derivate of 1,2,4-triasole, forwards the improvement of
the clinical picture of patients with hepatitis B and C. First of all the anti-
viral activity of this drug is linked with its immune modulation
properties. The widely-known medicinal product ribavirin is a synthetic
analogue of nucleoside. In vitro it is active against some RNA and
DNA viruses.

New derivatives of 1,24-triazole were created. They are different
from the morpholine 5-methyl-1,24-triazole-3-ilthioacetate-tiotriazolin,
which realized antiviral activity in inadequate degree. These derivatives
reduce the infectious activity of the VIB virus, strain H — 120 for 1,8 Ig,
and strain Calnek 1143 of Poultry Infectious Encephalomielitis virus at
1.01g when cultivating in 9-day chicken embryos (CE). In this case, the
compound actions affected the intensity of displaying the pathological
features induced by the virus . New compounds that are derivatives
from 1,2 ,4-triazole provide antiviral activity with low toxicity and could
be used in pharmacology to create new drugs for this type of action
(Bushueva et al.,, 2017).

Research on effectiveness of Triufuzole vaccination against viral
diseases of broilers has been performed on the experimental group. This
group did not receive Trifuzol. The control group received 1% Trifuzol
solution at 7-9 day of bird breeding at the rate of 0,5 ml per 10 kg of
live weight for 3 consecutive days. The level of protective antibodies
against VIB responded to the base norm, but the vaccination index (IV)
in the control group was 1.5 times higher. The average antibodies titre to
the Newcastle disease virus with use of the Trifuzol was 5 log,, and the
group immunity — 87.5%, which corresponds to the standard
(Varynskyi et al., 2015). When piperidine 2-[5-(furan-2-il)-2H-1,2.4-
triazol-3-ilthio]acetate was added to the culture medium 2 h after the

virus adsorption, the largest antiviral activity for the whole long period
of its reproduction was observed 120 h after the start of infection. The
infectious activity decreased by more than 4.75 lg TCDsyem®, and the
compound of comparison Thiotriazolin decreased the virus to more
than 2,0 Ig TCDsyem’ (the difference between them exceeded 2.5 1g).
This indicates the greater antiviral action of piperidine 2-[5-(furan-2-il}-2H-
1,2 4-triazole-3-ilthio] acetate compared to Thiotriazolin (Sinha, 2017).

The studied compounds reduce the intensity of pathological
changes in infected chicken embryos, which have been induced by
vaccine virus strains. Starting with 0.01% concentration, the compounds
suppress the occurrence of pathological changes induced by viruses.
Thus, the percentage of changes such as hyperemia, thickening of the
chorionalantois membrane (CAM), embryonic head hemorrhage, lag in
growth and development, the clay of the liver decrease during the
simultaneous injection of the piperidine 2-[5-(furan-2-il)-4-phenyl-
1,2,4-triazole-3-ilthio] acetate and (morpholine 2-[5-(pyridine-4-1,2,4-
triazol-3-ilthio] acetate in 0.01%, 0.02% concentration. Thus, the
morpholine 2-[5-(pyridin-4-il)-1,2,4-triazol-3-ilthio] acetate and piperi-
dine 2-[5-(furan-2-il)-4-phenyl-1,2 4-triazol-3-ilthio] acetate) cause the
decrease the biological activity of the viruses that affected the intensity
of the manifestation of patho-anatomical fetures, induced by the virus
and reduced is titre (Alrawashdeh, 2008).

The analysis of scientific sources against the synthesis and scree-
ning of biological activity of derivatives of 1,2,4-triazole determines the
relevance of this direction of scientific research all over the world.
Spreading of the spectrum of antimicrobial agents is associated with the
emergence of resistant strains of microorganisms and the viruses’
variability, especially in the poultry industry. In this regard, the aim of
our research was to determine the sensitivity of bacteria, isolated from
chickens, to new triazolin compounds and their antiviral activity.

Materials and methods

For bacteriological studies, blood and red bone marrow from 1-day,
10-day and 21-day Habbard cross chickens were collected. Sensitivity
of microorganisms to antibiotics was carried out relative to NCCLS
“Methods for the determination of susceptibility of bacteria to antimic-
robial agents” (1999) and EUCAST Definitive document CLSI
“Verification of Commercial Microbial Identification and Antimicrobial
Susceptibility Testing Systems” (2015).

List of compounds, studied in the research:

I — N-((5-Nitrofuran-2-il)methylene)-4H-4-amino-1,2,4-triasolidium
chloride (formula 1);

I — 4-((5-Nitrofuran-2-yl)methyleneamino)-1-propil-4H-1,2,4-tria-
zolium bromide (formula 2);

Avistim — morpholines 3-(4-pyridyl)-1,2,4-triazolil-5-thioacetate
(formula 3);

Trifuzol — piperidine 2-[5-(furan-2-il)4-phenil-1,2,4-triazol-3-ilthio]
acetate (formula 4);

The compounds were synthesized in Zaporizhzhya State Medical
University, Ukraine.

Dimethylformamide (DMF) —

(formula 5);

Ceftriaxone — [6R-[6alpha7beta(z]])-7-{[(2-Amino-4-thriazolil)
methoxyminoacetylJamino]-8-0x0-3-[[(1,2,5,6-tetrahydro-2-metil-5,6,
Ibjrcj-1,2,4-triasin-3-yl)tioJmetil ]-5-tia-1-azabicyclo[4.2.0.]octa-2-ene-
2-carboxylic acid (formula 6);

Preparation of solutions and serial dilutions of the studied substan-
ces. The compounds are synthesized in Zaporizhzhya State Medical
University, Ukraine.

The dilution of compounds I and II were prepared from 1:20 to
1:0.039 based on a matrix solution (dilution of compounds 1:40 in
DMF) on the sterile physiological solution for 24 units of McFarland.

Ceftriaxone is a dry powder for injection of 1,000 active units (1 g),
was diluted in 2 ml of meat infusion broth (MIB), and a working
solution of 500 units/ml was obtained. Then dilutions were repeated, by
adding 1 ml of the working solution of antibiotic with 500 units/ml to 4 ml
of MIB. Thus, the working solution was obtained at a concentration of
100 units/ml. Subsequently 1 ml of MIB was added to the same solution

N,N-Dimethylformamide
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and received 50 units/ml (McFarland 0,5). Thus, the tested concentrati-
ons of Ceftriaxone were from 25 to 0.0488 units.

Preparation of inoculum of test cultures. Typical representatives of
Gram-positive and Gram-negative bacteria were selected as test objects:
Staphylococcus aureus ATCC 25923 and k99; Escherichia coli ATCC
3912/41 1 k88 ad.; Klebsiella pneumoniae k56 and Salmonella
typhimurium 144. For the production of inoculums of microorganism
cultures, daily cultures were grown on Mueller-Hinton Agar (HiMedia
Laboratories Ltd., India).

Inoculum was prepared from the daily culture of microorganisms,
on MIB. The inoculum concentration was 0.5 units by MacFarland,
which is 1.5x10% CFU/ml. The working concentration of the inoculum
was 5-CFU/ml (10° CFU/ml).

Serial dilutions in the broth were accompanied by control of crop
growth in MIB without the use of compounds I or II, Cefiriaxone and DMF.

The purity of the suspension of microorganisms was confirmed by
sowing on agar, followed by Gram-staining and microscopy. The as-
sessment of sensitivity of microorganisms to the studied compounds
was carried out on the basis of a minimum inhibitory concentration
(MIC). The results of the experiment were taken into account after the
assessment control of the inoculums, which was at temperature 40 °C
and in the thermostat (37 °C).

Disc-diffusion method. Disks of sterile filter paper, 5 mm diameter,
were soaked in appropriate concentrations of the studied compounds I
and II. The content of the studied compounds on the disk was 25 and 50
pg. Petri dishes with the Muller-Hinton agar were sown by test culture
in the concentration equal to the turbid standard McFarland 0,5. After
that the disks, which contained the test substances and antibiotics, were
replaced on the agar surface, in accordance to the stencil. Petri dishes
were maintained at room temperature for 30 minutes and placed in the
thermostat at the temperature of 8 °C in an inverted position. Antibio-
tics: Ofloxacin, Norfloxacin, Ciprofloxacin, Levomycetin, Erythromy-
cin, Azithromycin, Josamycin, Cefuroxime, Cefiriaxone, Cefepime,
Gentamicin, Amoxicillin were control. In 24 h, the sensitivity of test-
cultures to compounds I and II was determined by the diameter of
retardation zone (Patel, 2013).

Studying of antiviral activity of triazolin range compounds against
the virus of the infection of chicken bronchitis. Chicken embryos (CE)
were incubated in a laboratory. Biological evaluation of eggs was
carried out according to the recommendations of Dyadichkin (2010)
and Besarabov (2010). Vaccine strain that was used in this research: the
Iyophilized live vaccine against chicken bronchitis infectious (Nobilis
IB 4-91, virus titer10° EIDsylem?). The preparation of the virus from
10" to 10™* was prepared in a sterile physiological solution. The
determination of the antiviral activity of the compounds of Trifuzol and
Avistim in concentration 1% was carried out by simultaneous infection
by the strain of 4/91 VIB of chicken embryos 9-day incubation on the
CAM in a dose of 0.2 cm’®. The incubation of infected and control CE
were carried out in a laboratory incubator at the temperature of 37 °C
and a humidity of 65% for 4 days. Evaluation of pathological changes
induced by VIB strain 4/91 and the effects of triazolin range compounds,
selection of the restrictive virus material were carried out at 4 days
incubation of CE and pre-cooling at the temperature of 40 °C for 12 h.
The criterion for assessing the reproduction of the virus was patho-
anatomical changes in the embryo, special to the action of the virus and
the titre of the virus, which was calculated by Reed and Mench and
expressed in EIDsy/em’ (Stefanov, 2001).

Statistical processing of the results. Statistical data were processed
by a program Statistica 7.0 (StatSoft, USA) (Rebrova, 2006).

Results

Strains of E. coli and S. aureus were isolated from 1, 10 and 21-day
chickens. As a result of serological typing, there were 78 enterotropic
bacteria cultures, 87% of them were classified into serological variants
of k88 ad; k88 ad, ab; k99. E. coli and S. aureus were detected from the
blood of 1-day chickens, E. coli of serovariant k 88 ad were detected
from the red bone marrow, whereas in the blood of 10-day old chickens
—E. coli serovariant k 88 ad, ab and S. aureus k99 were detected. E. coli

serovariants k99 were isolated from red bone marrow of 21-day old
chickens. The frequency of detection of S. aureus — 16.2% and E. coli —
13.2% (Fig. 1).

Isolated strains of E. coli and S. aureus had the highest sensitivity to
erythromycin (diameter of the growth inhibition zones 32 + 3.5 mm and
25 4+ 2.8 mm respectively).

Both S. aureus and E. coli were sensitive to gentamicin (diameter
of the growth inhibition zones 19 + 2.1mm and 21 + 2.3 mm
respectively). In this case, the S. aureus culture had an average
sensitivity to Doxycycline. Thus, microorganism cultures isolated from
chickens at different incubation periods have the high sensitivity to
antibiotics of the Macrolide and Aminoglycoside classes.

The evaluation of isolated E. coli 88 showed the resistance to
Doxycycline (diameter of the growth inhibition zone 2.5 + 0.27 mm),
Josamycin (4.3 = 0.47 mm), and Azithromycin (5.1 £ 0.56 mm). The
resistance of S. aureus k99 was also detected to Azithromycin,
Josamycin, Ceftriaxone and Ciprofloxacin. In the subsequent study we
expanded the antibiotics spectrum of different groups and tested the
potential antimicrobial action of new derivatives of 1,2, 4-triazole.

Fig. 1. Clinically sick chicken Hubbard cross (a)
and pathological changes in chicken with coli bacillosis ()

Antimicrobial activity of triazolin compounds. The sensitivity to
Cefuroxim was shown by E. coli ATCC 3912/41 and S. aureus ATCC
25923. The diameter of the growth inhibition zone exceeded the norm
for this antibiotic. Cultures, which were isolated from the chickens,
stayed insensitive to Cefuroxim.

E. coli ATCC 3912/41 detected high sensitivity to Ceftriaxone that
also exceeded the normative index. All studied cultures were highly sus-
ceptible to Gentamicin and only test-cultures were susceptible to Cipro-
floxacin and Norfloxacin. The sensitivity of S. aureus culture, isolated
both from the chickens and among the museum strains, should be noted.

Antibacterial activity of the new triazolin range compounds can be
compared with the normative indices, in the case of their sensitivity to
the action of Cefiroxim, Cefepim, Norfloxacin, Levomycetin, and Doxy-
cycline in the growth delay zone, as tested and as isolated cultures (Table 1).
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Table 1
Antibacterial activity of the investigated compounds
compare to antibiotics (M = m)

The diameter of the growth inhibition zone, mm

Drug class or The content 11; coli, . S. gzureus, .
subclass / of thg 5x10° CFU/em 5x10° CFU/em
antibiotic  2nibioticon ATCC — atcc
the disk, ug  K88ad 055K59 25923 K99
912/41

Erythromycin 15 32 £35 15305 162+£0.1 25+2.77
Azithromycin 15 5.1£0.56 - - 3.6+04
Josamycin 15 43+047 - - 23+0.25
Cefuroksim 30 62+0.68 194+04 243+0.2 85+0.94
Ceftriaxone 30 7.8+0.86 23.3+0.5 4.6+0.51
Cefepim 30 6.5+0.72 - - 8.9+0.98
Amoxicilin 20 10.1+1.12 - 8.6+0.95
Ofloxacin 5 - 240+0.82 - 27.6+0.24
Ciprofloxacin 5 93+1.03 340+0.1 30.1+0.7 49+0.54
Norfloxacin 10 10+£1.11 226+024 185+03 9.6+1.06
Doxycycline 30 254027 - - 123+136
Gentamicin 120 214233 220+07 205+05 190+21
Levomycetin 30 - 178+048 214+0.1 273048
N-((5-Nitrofuran- 25 158+1.55 13.5+2.14 0
2-il)methylene)-
4H-4-amino-
1.2 A-triazolium 50 178+144 17.8+025 18.8+1.65
chloride (I)
4-((5-Nitrofuran- 25 148+1.7 135+120 140+147
2-il)methylene-
amino)-1-propyl- 551501016 1484205 — 1732047

4H-1,2 4-triazoli-
um bromide (IT)

Note: “>— not sensitive.

The detection of sensitivity of test cultures and isolated strains of
E.coli and S. aureus to new derivatives of 1,2,4-triazolo N-((5-
nitrofuran-2-il)methylene)-4H-4-amino-1,2 4-triasolidium  chloride (I)
and 4~((5-nitrofuran-2-il)methylenemino)-1-propyl-4H-1,2,4-triazolium
bromide (I), in comparison with the antibiotics of different groups,
indicates their antimicrobial action. The most effective antimicrobial

activity was shown by the compound I at a concentration of 50 pg
against the S aureus (diameter of inhibition of growth zone 18.8 + 1.65 mm).
The compound I had lower activity with respect to E. coli (17.8 mm),
respecttively, serovariant k88 ad and ATCC 3912/41. Compound II
inhibited the growth of S. aureus k99 (diameter of inhibition of growth
zone 17.3 mm).

The detection of antimicrobial activity of triazolinium group compounds
by the method of serial dilutions. The experimental data on effect of com-
pounds I and II indicates the high bactericidal and bacteriostatic effects of
the compound on the epizootic strains of bacteria, isolated from chicken.
The minimum bactericidal concentration of compound I for E. coli k88
ad cultures was 0.039 pg/ml. The minimum inhibitory concentration of
compound Il to S. aureus k99 culture was 0.16 pg/ml (Table 2).

Table 2
Antibacterial activity of Triazoline compounds

Inhibitory concentration (MIC)

Strains of microorganisms interpretive criteria, pg/ml
I I Ceftriaxone  DMF
E. coli K88 ad 0039  0.039 - -
E. coli ATCC O55K59 3912/41 - 0.625 - -
S. aureus K99 0.156  0.156 - -
S. aureus ATCC 25923 - 0.039 0.097 -
K. pneumoniae K56 3534/51 - 1.250 0.097 -
S. typhimurium 144 - 0313 - -
Note: “~” — not sensitive.

The detection of antiviral activity of 1,2,4-triazole derivatives in
relation to strain 4/91 of the infectious bronchitis chicken virus. The
compounds of Trifuzol and Avistim in concentration 1% used
simultaneously with infection by the VIB strain 4/91 in dilutions 10" to
10* in 9-day CE on CAM reduced infectious activity of the virus,
depending on its concentration. We detected the reduction at 14.3% of
the pathological symptom “the incorrect embryo position” in CE, which
were infected by VIB strain 4/91 in dilution of 107 with Avistim
against CE, which were infected by only the virus at the same con-
centration. There was a decrease in the percentage of this feature in CE,
infected with the VIB strain 4/91 in dilution 102 with Avistim 12.5%.

a b

c

Fig. 2. CE infected with VIB strain 4/91: a — control; ¢ — infected by VIB in dilution 107%; e — infected VIB in dilution 10 simultaneously with
Avistim; g— infected with VIB in dilution 10 simultaneously with Avistim

The increase of this feature occurred after the injection of the virus
at a concentration of 10~ simultaneously with Avistim, that was 28.5%.
The decrease in the percentage of CE with an increased amount of
extraembryonic liquid was registered after the injection of the virus in
studied concentrations, with Avistim at the same time.

Thus, the reduction of this index (by 73.2%) occurred in CE which
had been infected by 107 dilution of the virus with Avistim, when
compared with CE which were infected with the virus at the same
concentration without Avistim.

In the control CE group and the groups that have been injected only
by Avistim or Trifuzol, in contrast to the experimental CE, the amount
of allantoic fluid decreased. The presence of uremic salts in CE of these

groups was observed at the level of 85.7% in the control group, and
28.5% after the injection of Avistim, and 14.3% in the group receiving
Trifuzol. When compared with the CE control group, the percentage of
this index in CE infected by the virus in dilution 10™ decreased by
56.9%, whereas in the CE group after the injection of Avistim, the
difference was 57.5%. The percentage of uremic salts in allantoic fluid
infected by the virus at a concentration of 10~ and infected by the virus
at a concentration of 10~ with Avistim was 14.3%, which is believed to
be lower than control by 71.4% (Fig. 3).

In the CE group, infected by the virus from dilution of 10 si-
multaneously with Trifuzol, the presence of uremic salts was detected at
a large value, and was 42.9%.
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Fig. 3. Pathological changes in CE, induced by VIB with the studied compounds

Transparent allantoic fluid in CE was present in the group which
had been injected by the virus in the studied concentrations, in contrast
to the control group and CE groups which had been injected by Avistim
and Trifuzol. The highest percentage of transparent allantoic fluid was
observed in CE infected by the virus in dilution of 107 (71.4%), the
lowest rate index in CE, infected by the virus in dilution 107 (25.0%).
This index remained stable in CE infected by all investigated
concentrations with the simultaneous injection of Trifuzol compounds
and amounted to 42.9%. In the CE group infected with the virus in
combination with Avistim, this feature decreased simultaneously with
the decrease of virus concentration.

The highest death rate of the embryo was in the CE group infected
by the virus in dilution 107 (57.1%). The death of the embryos rose to
28.5%, while in the CE infected by the virus at the same concentration
simultaneously with Avistim and in the group infected by Trifuzol the
death rate was 42.9%. The position of the embryos during the autopsy
in many cases was accompanied by the sticking of the limbs to the
head, which is one of the specific reproduction features of the bronchitis
infectious virus in CE. At the same time, the highest percentage was
noted in CE infected with the virus in dilution 107>, was 85.7%. The
decrease of this indicator occurred both with a decrease in the
concentrations of the virus, and with the simultaneous injection of the
virus and the studied compounds. The lowest percentage of CE with the
limbs on the head was in the group CE which were infected with different
dilutions with the simultaneous Trifuzol injection, which was 14.3%.

The percentage of CE with limbs on the head in the CE group,
which was infected with the virus, simultaneously with infection of
Avistim was lower than in CE which had been infected with only the
virus, however it was higher than in the CE group with Trifuzol.

Growth delay was marked in CE infected by the virus at the
concentrations of 102, 10 (12.5% and 14.3% respectively) and in the
group infected by the virus in dilution 10~ simultaneously with Trifuzol
(143%). The Avistim and Trifuzol compounds reduce the VIB
infectious activity during its cultivation in CE, reducing the titre of the
virus (strain 4/91) by 3 Ig EIDsy/em’.

Discussion

Use of the preparations, containing the nucleus of 1,2,4-triazole into
the veterinary practice is increasing very rapidly (Dal Pozzo & Thiry,
2014; Krajczyk et al., 2014; Jefferey et al.,, 2015; Wenda et al., 2017).

Search for new antiviral and antibacterial means is being under-
taken all over the world. This is connected with the emergence of new
variants of viruses and antibioticresistant bacteria (Wang & Zhou, 2011;
de Oliveira et al., 2012; Asif, 2015). Testing a number of triazole deriva-
tive compounds that were obtained as the result of directed synthesis
has proven their ability to suppress the reproduction of test-cultures of
microorganisms (Zhuo Chen et al., 2010; Ferreira et al., 2013).

Derivatives of 1,2,4-triazole are distinguished among other drugs
by the capacity for a wide range of biological activity and low toxicity.
The priority of their use in antimicrobial therapy is confirmed by the
prolonged effect of the formation of resistance bacteria (Siddiquia et al.,
2011; Gross & Bryson, 2015). Reduction of the infectious activity of the
infectious bronchitis virus (strain 4/91) in the EC biosystem, caused by
Trifuzol and Avistim, makes it possible to register them as antiviral and
immunomodulatory agents for use in veterinary medicine.

Regul. Mech. Biosyst., 9(2)

Investigation of the compound 2-[5-(furan-2-yl-4-phenyl-1,2,4-triazo-
le-3-ylthio] acetate on 9-day chicken embryos against the action of the
infectious encephalomyelitis virus (Calnek 1143 strain) and the infectious
bronchitis virus H-120) revealed the decrease of titre of strain H-120 at 1,8 log
and strain Calnek 1143 at 1.0 log (Parchenko et al., 2009; Fotina, 2015).

A comparative assessment of the sensitivity E. coli and S. aureus
cultures, isolated from chickens and test-cultures, against new triazolin
compounds with the results of antibacterial drug sensitivity proves that
they are worth studying further. The growth inhibition zones of test-
cultures, caused by compounds I and II, were indexed in the range from 12.0
to 18.8 mm. Norfloxacin, Levomicitin, Doxycycline and Eritromicin
induced similar inhibition of growth zones of test-cultures, simulta-
neously. Sahu (2014) defined the MIC of new compounds that are
derivatives of 1,2 4-triazole compare to Gentamycin. By the method of
dilutions, it was determined that MIC ranges for compounds against
E. coli and S. aureus were from 1.6 to 25.0 mg/ml, and for Gentamycin
for these test-cultures — 1.6 mg/ml. The diameter of inhibition of growth
zone of test-cultures of E. coli and S. aureus, induced by the com-
pounds, changed from 0.6 to 5.0 mm, while for Gentamycin — 16.0 mm.

According to Malladi (2013), MIC of Ceftriaxon for E. coli was
1.61 mg/ml and for S. aureus — 3.13 mg/ml. Seelam (2016) showed the
ability of triazolin compounds to suppress the growth of E. coli test-
culture (MTCC 433) at MIC from 50 to 3.13 mg/ml. In this case,
Streptomycin and Chloramphenicol had a MIC of 6.25 mg/ml.

Wahi et al. (2011) proved the antimicrobial activity of new deriva-
tives of 1,2,4-triazole by the method of serial dilutions. Only 2 compounds
out of the 8 compounds were indexed against Gram-negative and Gram-
positive bacteria in low MIC (3.12 mg/ml). MIC of the compounds
against Streptococcus pyogenes, Micrococus luteus, Staphylococcus epi-
dermidis, Clostridium sporogenes, Salmonella typhimurium ranged from
3.12 to 50 mg/ml. The standard example had a lower MIC (1.56-6.25 mg/ml).

In research by Popiofek et al. (2013), MIC of novel 1,2.4-triazole
and 1,34-thiadiazole derivatives against Gram-negative and Gram-
positive bacteria (S. aureus ATCC 25923, S. aureus ATCC 6538,
S. epidermidis ATCC 12228, B. subtilis ATCC 6633, B. cereus ATCC
10876, M. luteus ATCC 10240) ranged from 15.6 to 500 mg/ml. The
inhibitory concentration of Cefiriaxone on S. epidermidis ATCC 12228
was 0.24 mg/ml, and for B. cereus ATCC 10876 — 62.5 mg/ml.

Screening of 15 new derivatives of 1,2,4-triazole with antibacterial
activity made by Bektas et al. (2010) detected for 4 compounds: MIC for
E. coli ATCC 25923 > 500 mg/ml to 1.95 mg/ml. S. aureus ATCC 25923
was susceptible to these compounds in the range of 1.95 to 500 mg/ml.
Ampicillin had a higher MIC compared to E.coli (10 mg/ml) and
35 mg/ml—to S. aureus. The ability of new derivatives of 1,2,4-triazole to
have an effect against the bacterial and viral pathogens of poultry infec-
tions, has been carried out in the process of the research, and is the basis
for their use in schemes for prevention of infectious diseases. The agents
of Trifuzol and Avistim have antiviral action against the chicken infectious
virus bronchitis strain 4/91 (reduction of the virus titre by 3.0 logs). In this
case, defined antiviral activity was higher than the data obtained by Fotina
etal. (2015), against the VIB strain N-120 and the virus of encephalomye-
litis of bird strain Calnek 1143.

The biological activity of the new derivatives of 1,2,4-triazole, de-
termined by us against the different groups of microorganisms, proves
the prospect of their further use in veterinary medicine.
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Conclusion

Antibacterial activity of compounds I and II against collection
strains, isolated from broiler chickens is established. Against S. aureus ,
compound I in 50 pg concentration on a disk, induced the growth
inhibition zone at 18.8 + 1.65 mm and for E. coli—17.8 £ 1.44—-17.8 +
0.25 mm respectively to serovariants k88 ad and ATCC 3912/41.
Compound II in a concentration of 50 pg on a disk induced the growth
inhibition zone of S. aureus 99, isolated from chicken broilers, at a level
of 17.3 mm. Trifuzol and Avistim causde antiviral activity against the
VIB strain 4/91 during cultivation in EC. The percentage of deaths of
EC infected with the virus in dilution 10~ in the presence of Avistim
was lower by 28.6%, and with Trifuzol lower by 14.3%. The Avistim
and Trifuzol compounds reduced the VIB infectious activity when it
was cultivated in CE, reducing the titre of the virus (strain 4/91) by
3.0 log EIDsy/cm’.
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Pathogenesis and clinical manifestations of metabolic syndrome (and other conditions characterized by the growth of fat
mass and decreased adiponectin content) is associated with an imbalance of sex hormones, which develops under the influence
of increased aromatase activity in adipose tissue. Drugs of the aromatase inhibitors therapeutic group are able to suppress the
course of the aromatase reaction in the central and peripheral organs and tissues. The aim of our study was to establish the
relationship between levels of serum adiponectin and adipose tissue aromatase avtivity in Syrian hamsters of different ages and
gender with experimental metabolic syndrome and study the effect of aromatase inhibitors on these indicators. Experimental
metabolic syndrome in animals was induced by a high-fat and fructose diet. The drugs were administered during the 21-st day in
doses of 3.086 (exemestane), 0.309 (letrozole) and 0.126 mg/kg (anastrozole). The aromatase activity of the visceral adipose
tissue was determined by the modified kinetic method based on the amount of the reaction product estradiol converted from

testosterone. The content of estradiol in adipose tissue homogenate and serum adiponectin levels were measured by the immune
enzyme method. The results showed a high inverse correlation between serum adiponectin and adipose tissue aromatase activity
in hamsters. Aromatase inhibitors caused a decrease in the adipose tissue aromatase activity and increase in serum adiponectin
levels. Letrazol demonstrated the greatest effect, it reduced aromatase activity in adipose tissue by 72-84% and increased serum
adiponectin content by 1.6-1.8 times. At the same time, intra-group correlation of the studied parameters was significant.
The results show the relationship between adiponectin level and adipose tissue aromatase activity and ability to change these
rates by the way of aromatase inhibitors, which may be useful in clinical practice. Third-generation aromatase inhibitors are
promising drugs for metabolic syndrome treatment and require further study in clinical trials.

Keywords: exemestane; letrozole; anastrozole; adiponectin; metabolic syndrome

Bruius iHri0iTOpiB apoMaTasu TPeTbOro MOKOJIiHHS
HA apOMAaTa3Hy aKTHBHICTh BicllepaJbHOI )KMPOBOI TKAHUHU

. B. JIutkin, A. JI. 3araiiko, T. O. Bproxanosa
Hayionanenuii papmayeemuunuti ynieepcumem, Xapris, Yrpaina

ITaroreHes Ta KIiHIYHI IPOSIBA META0OJIIYHOTO CHHPOMY (Ta IHIIMX CTaHIB, 110 XapaKTEePU3YIOThCS 3pOCTAHHSM YKUPOBOT MACH Ta 3HWKEHHSIM BMICTY
aJIUTIOHEKTHHY) acOLlifioBaHI 3 UcOaNaHCcoM CTAaTeBHX FOPMOHIB, SIKMH PO3BUBAETHCS 34 BIUIMBY 3POCTAHHS aKTUBHOCTI apoMaTasyl B YKUPOBIH TKAHHHI.
Ipenapary rpymy iHriGiTOpiB apoMarasy 3AaTHI NPHUTHIYYBaTH Iepedil apoMaTasHOi peakilii B IEHTPAIbHUX i NepU(epHYHNX OpraHax i TKaHuHax. Mera
I[FOTO JIOCIT/DKCHHS — BCTAHOBUTH B3a€MO3B’S30K MDK PIBHEM CHPOBATKOBOTO A/MIIOHEKTHHY ¥ apOMAaTasHOI0 aKTHBHICTIO XKHPOBOI TKAHMHH HA T
EKCIIEPUMEHTATILHOIO METa0OMIYHOr0 CHUHIPOMY Y CHPIMCBKMX XOM’SIMKIB PI3HOTO BIKy Ta CTaTi Ta BUBYCHHS BIUIMBY IHTIOITOpIB apoMarasd Ha Ii
TOKa3HUKU. EKcriepiMeHTanbHui MeTaOOMiuHMI CHHAPOM Yy TBapuH IHAyKYBAIM JUETO0 3 BHUCOKAM BMICTOM JKHMpIB Ta (pykrosu. [lpenaparu
3aCTOCOBYBaTH BHpooBk 21 nobu B no3ax 3,086 (exsemecran), 0,309 (erposon) ta 0,126 Mr/kr (aHactpo3oit). ApoMarasHy aKTHBHICTb BIiCLEpaIBHOL
KHPOBO] TKAHUHY BI3HAYAITH MOM(DIKOBAHIM KIHSTHHIHIM METOZIOM 32 KUIBKICTIO IIPORYKTY PeaKtlii — ecTpazioly, 10 yTBOPUBCS 3 TECTOCTEpOHy. Bmict
€CTpajioly B TOMOTEHaTI )KMPOBOi TKAHWHH Ta PIBEHb CUPOBATKOBOIO aIMIIOHEKTHHY BU3HAYATH IMYHO(EPMEHTHUM METONIOM. Pe3ynbTaTi JoCItimKeH s
TOKA3/TM BUCOKY 3BOPOTHY KODEILII[FO MDK PIBHEM CHPOBATKOBOIO AMIIOHEKTHHY Ta ApOMATA3HOK) AKTWBHICTIO JKMPOBOI TKAaHHMHH Y XOM’SIUKIB.
3acToCyBaHHS iHTIOITOPIB ApOMATA3U CHPHSUIO 3MEHIIICHHIO apOMAaTa3HOI aKTHBHOCTI JKUPOBOI TKAHMHH Ta 3POCTAHHIO PIBHS 4/IUIIOHEKTUHY B CHPOBATILL.
Haii6inbimii edext mpoeMOHCTpyBaB MIperapar JeTpo30d, MO 3HIDKYBAB aKTHBHICTh apOMAaTa3d B XKUPOBIH TKaHWHI Ha 72-84% Ta 30UIbLIYBAaB BMICT
amuroHekTHy B cuposarii B 1,6-1,8 pasa. Ilpu 11s0My BHYTpILIHBOIPYIIOBa KOpPEJISALIs JOCII/DKYBAaHUX TMOKa3HHKIB Oyna 3Hauyiior. Pesynmbratu
JIOCITi/DKEHHSI [TOKa3yIOTh HAsSBHICTh B3aEMO3B’SI3Ky MDK PIBHEM a/IMIIOHEKTHHY i apOMATa3HOIO aKTHBHICTIO YKHPOBOT TKAHHHH Ta MOXJTUBICTh BIUTHBATH HA
Il MIOKA3HUKY NUBIXOM (papMaKOKOPEKIL, IO MOxe OYTH BHKOPHCTAHO B KIIHIUHIN MpakThIy. [HribiTopy apomaTasy TPeThOro IOKOMIHHS MOXKYTh CTaTH
TIEPCTIEKTUBHUMH TIpenapaTamy [yis JTIKyBaHHs MeTa0oJIiYHOr0 CHHIPOMY Ta IIOTPEOYIOTh MOJAIBLIOT0 BUBYESHHS B KIIHIYHHX JIOCIIDKEHHSX.

Kniouosi cnosa: ex3emectan; JIETPO30I1; aHACTPO30JT; AIUITOHEKTHH; METAOOIIIYHUI CHHIPOM
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Beryn

Apomara3uuii pepMEHTHHIT KOMILIEKC — OCTaHHi eleMEHT JIaH-
KU OlOCHHTE3y CTEepOiNiB, 3aBHSKU SIKOMY KaTaIi3yIOThCS peaKiii
KOHBepCii aHIpOreHiB B ecTporeHu. B xomi apomarmzamii crepoinu
arzporeHoBoro psny Cig pearytots i3 NADPH 1 kucHeM y nekiibka
eTarTiB OKMCHOTO TiIPOKCHIFOBAHHS, MICIS YOrO BiIOYBAa€ThCS apo-
MaTH3allist KUTbI A Ta BTpaTa OJHOTO atoMa KapOoHy y dopmi dop-
MIaTHOT KUCIIOTH, TAKAM YHHOM YTBOPIOFOTECS Tpoayktu Cg. Lleit
THI peakiil notpedye NBOX SH3UMIB, IO BXOITH J0 KOMIUICKCY:
LUTOXPOMY Pys0aom T8 NADPH-1iuroxpom Pysy pemykrasu. IonoHi
SHJIOTEHHI CyOCTpaTH apoMaTa3HOl peaxilii B OpraHi3mi JIOIMHU —
TECTOCTEPOH 1 AHAPOCTEHIIIOH, a MPOAYKTH — €CTPamioNl i €CTPOH,
BimmosimHo (Blakemore & Naftolin, 2016; Chan et al., 2016; Ghosh
etal., 2016).

Teli hepMeHTHHMIT KOMIUIEKC MICTUTBCS B €HIOILUIA3MATHIHOMY
PETUKYITyMi Pi3HUX KIITHH, PUCYTHIX B S€YHHKAX, [UIAIICHTI, MOJIOY-
HHX 3aJ103aX, MaTIli, sI€YKaX, MO3KY, )KHPOBIi TKaHHHI TOIIO. Takum
YHUHOM, Y IMX OpraHax MO)Ke BiZOyBaTHCs yTBOPEHHS €CTPOICHIB
de novo abo i3 TPAaHCHOPTOBAHUX [0 HUX 3 IHIIMX TKAaHWH 1 Jero-
HOBaHHUX TaM aHnporeHis (Biegon, 2016; Chan et al., 2016). Ocobmi-
BHUI 1HTEPEC Y MEUIIMHI BUKJIMKAE IHTPAaTyMOpaIbHA apoMarasa, 30-
Kpema, MOJIOYHOI 3a/1031. B aTHIOBUX €CTPOreH3aICKHUX KIITHHAX
IyXJIMHA MOJIOYHOI 3aJI031 HAJMIPHO MOCHIIIOETHCS JIOKAJIbHA apo-
MaTa3Ha aKTHBHICTb, IIPU IIbOMY €KCIIPECYEThCSl BEJMKA KUIBKICTH
CCTPOreHOBHX perienTopiB. JIOKaIbHO YTBOPEHI Ta IUPKYIIFOROUI eC-
TPOT€HH Yepe3 BiAMOBIAHI PELETITOPH Ta CUTHAIBHI IUTIXH CTUMY-
JIFOIOTh EKCIIPECii0 TeHIB Ta CHUHTE3 BHYTPILIHBOKIITHUHHHX OLIKIB,
110 CTUMYITFOIOTB TIPOITihepartito KIITHH Ta COPHSIOTH POCTY ITyXJIH-
HH, CEKpELil0 CHTHATBHUX OLUIKIB, SIKi 1HAYKYIOTh MEXaHI3MH MeTa-
crazyBanns (Ozkaya et al., 2016; Zhao et al., 2016).

JUyist 3MCHIIICHHSI LIOTO HEraTHBHOTO CTHMYJIFOBAIILOrO eheKTy B
Cy4acHii KJIiHIYHIN MPAKTHI[i BUKOPUCTOBYIOTH IHTi0ITOpPY apomara-
3H, SIKi CYTTEBO 3MEHIIYIOTh aKTHBHICTh 1IHOr0 (JEPMEHTHOIO KOMII-
JIEKCY B LEHTPIbHHUX 1 NepU(EpPUYHHX OpraHax i, K HaCIiIOK —
3MEHILYIOTh KUIBKICTh TOTEHIIMHUX JIFAHAIB 10 €CTPOTreHOBHX pe-
LEeNTOpIB y MyxJuHi. MoNeKy nperaparis 1i€l rpynu MaioTh CTe-
POioHY Ta TpHUa3oNbHY CTPYKTYpPY Ta 3[4aTHi B POJi IICEBAOCYOCTpaTy
3BOPOTHO a00 HE3BOPOTHO ONIOKYBATH aKTHBHHI LICHTP apoMaTasH,
THM CaMUM POOHTH ()epMEHT HEaKTHBHHM 1 HEIOCTYITHUM UL CyO-
crpary. Kpim Toro, npenapary TpHa3ojbHOrO TOXOKCHHS I1IE 31aT-
Hi IHAKTUBYBATH PEaKIIiliHy 37aTHICTh aToMa (epyMy y CKJIai remy
UTOXpoMy Pgso. He3Bakaroun Ha JOCHThH iHBapiaTHBHUI MEXaHi3M
Jil, iHriGiTOpy apomarasy TPEThOro MOKOJIHHS BiJ3HAYAIOThCS 3HA-
YyIIOK KIHIYHOIO e(EKTHBHICTIO Ta YCIIIIHO 3aCTOCOBYIOTHCS B
aJ’TOBaHTHIN Tepartii eCTpOreH-pPerenTop NO3UTHBHOTO PAKy MOJIOY-
HOI 3aJ1031 (31€0UTBIIOr0 y MAIIEHTOK IOCTMEHOMAY3HOIO BIKY), Ha-
BITb Y BUIIQJIKax BIJICYTHOCTI BIATOBI/i Ha JIIKyBaHHsI aHTHECTPOTCH-
HHMMH TIperapaTtaMy Iepioi JIiHii Tepartii. AHTHapoMarasHi npera-
paTH TPETHOTO TTOKOJIIHHS XapaKTepPH3yIOThCSI BUCOKOIO CEJICKTHBHI-
CTIO JIO BIJIIOBIZTHOTO €H3MMY Ta BOJIOJHIOTH 3a0BUTLHUM TpodinieM
6esnexn (Mantas et al., 2016; Viciano & Marti, 2016; Mojaddami
etal., 2017).

Hika k1iHIYHIX JOCITIHKEHb 13 BAKOPUCTAHHS 1HTI0ITOPIB apo-
Maras¥ TPETHOTO MOKOJIiHHS BKa3y€ HA YaCTKOBE IOMIpPHE 3HIKEHHS
e(heKTUBHOCTI 3aCTOCYBAaHHS IIpeTIapaTiB caMe y TAIl€HTOK i3 3aii-
BOIO Baroro Ta HaAMIpHUM iHZeKcoM MacH Tima. IIpu mpomy B ycix
TIALIEHTOK HE3aJIEXKHO Bijl KOHCTHTYIIIT iCTOTHO 3MEHIIIYBABCsI PiBEHb
€CTPOTEHIB, 1110 IMPKYJTIOOTH Y KpoBi. Ha Hariry mymKy, 1ieii dakt mo-
K€ BKa3yBaTH Ha Te, 10 Oiiblia KUTbKICTh TIperapaTy po3HOALTAIACS
y BiCLIEpaJIbHY JKMPOBY TKaHHHY, MICLIEBO 3B’s13aJ1acsl 3 apOMaTa3HUM
KOMIUIEKCOM 13 MPHTHIYyBaHHSAM HOr0 aKTHBHOCTI Ta HE JOCATIIa
OpraHa-MillleHi MOJIOYHOI 3aJI03M Ta TKAaHHH HAaBKOJO, 4epe3 IO
MeHIIIe iHriOyBajacs MicrieBa IPOMYKIIisi €CTPOTeHIB B 00MIACTI MyX-
JMHU. Y OUIBIIOCTI BHIAJKIB BUCHOBKOM PE3yJIbTaTiB JOCIIIKEHD
BHCTYIIaJIa HEOOXIHICTh KOPEKIIii 103 y Takux mnarienTok (Pfeiler
etal., 2013; Toannides et al., 2014; Lenning et al., 2014). [Tpote mu
BB)XKAEMO, 1110 TaKa OCOOJHUBICTH LMIX IPEMNapariB Moke OyTH 3aCTO-
COBaHa B Teparlil 3aXBOPIOBaHb, y MATOreHe31 SIKUX Ma€e MicIie rirep-

HPOIYKIIisl €CTPOreHIB, BUKJIMKAaHA 30UIBIIEHHSM apoMara3HoOl aK-
THBHOCTI CaMe BiCLIEPAIIbHOT KUPOBOI TKAHHHH.

Crtig 3a3Ha4MTH, O BiCLEpaTbHA KUPOBA TKAHWUHA IMPOLYKYE
3HAYHy KUIBKICTh €CTPOICHIB B OpraHi3Mi JIIOMHH, YaCTHHA 3 KX
JIETIOHY€ETHCSL y TKaHWHI, a YaCTHHA — MEPEXOIHUTh 0 KPOBOOOITY.
BiM3bKO TPETHHH LUPKYITFOIOYNX E€CTPOTCHIB YTBOPIOETHCS LILISIXOM
apomaTtu3arlii aHAPOreHiB y )KUPOBUX JIETIO OpraHi3My. Y jKIHOK Tic-
7 HACTAaHHS MCHOIAy3H JKUPOBa TKAHMHA IPAKTHYHO IepeiiMae
(yHKIIIO POyKyBaHHs €CTPOreHiB. X04a OUIBII THITOBHH MPOIYKT
U1 KUPOBOI TKAHUHH — €CTPOH, 1[0 BOJIOZIE MOMIPHOIO €CTPOTeH-
HOIO aKTHBHICTIO, TAKOXK 338 PaXyHOK TECTOCTEPOHY BOHA MOXE IPO-
JyKyBaTH 3HA4YHy KUTBKICTb OLTbII (DYHKIIOHAIBHO aKTHBHOIO €CT-
pamiony. O0MIBa IPOLYKTH 3B’ A3YIOTHCS 3 ECTPOTCHOBHMH PELICTITO-
pamu Bcix THUIIB (TIpOTE 3 PIi3HOK aQiHHICTIO) Ta 3aIlyCKalOTh y
KJIITHHAX BiIWIOBIMHUI CHTHAJI, y TOMY 4Hncli B pakoBux (Blakemore
& Naftolin, 2016; Chan et al., 2016).

Cepen ycixX KIITHH )KHPOBOI TKAHHHU 3HAYHOKO MIipOFO apoMara-
3y EKCIPECYIOTh JIUIIIE TPEaTUIIONITH, 110 3 AU(epeHIIialliero BTpa-
YalOTh TAaKy BJIACTUBICTh. TaKUM YMHOM, 3arajbHa apoMaTH3aLlis Ta
HPOIYKIIisi €CTPOreHIB Yy KUPOBIl TKAHHMHI 3aJIOKHUTh BiJ 3arajgbHOL
KUTBKOCTI TIPEeaINIONHTIB, & 3HAYUTH BiJl 3aTaIbHOTO PO3MIpY JKHpPO-
BUX JIeTI0. 30UIBIIEHHS BMICTY YKUPOBOI TKAHWHH B OPTaHi3Mi CIIpUsiE
3pOCTAHHIO KUTBKOCTI POYKOBAaHHX HEIO €CTPOTEHIB. Y CBOIO Yepry
€CTPOreHH BHKJIMKAIOTh 3POCTAHHS KHUPOBOI TKAHUHU Yepe3 iHIyK-
1ito nporniceparii mpeagunonyTiB (HETHIOBHIT MeXaHi3M), sIKi TIO4H-
HAFOTh BUPOOJIITH I1ie OUTBIIIE ECTPOrCHIB, 1O JIMIIIE MOCKITIOE IISH Mpo-
tiec (Dos Santos et al., 2010; Bulun et al., 2012; Chan et al., 2016).

OzHe 3 HAHMONIMPEHIIINX 3aXBOPIOBAHb, 110 XapaKTePHU3YEThCS
TIATOJIOTIYHOIO 3MIHOKO apOMaTa3HOI aKTHBHOCTI YKUPOBOI TKAHMHH, —
MeTabomiuHnid cuHapoM. JlpcOanaHc cTaTeBHX TOPMOHIB 3a MeTa-
GOJIYHOTO CHHIIPOMY, ACOLIHOBAHIIA 31 3MIHOIO aKTHBHOCTI 3a3Haye-
HOTO €H3UMYy, TOCia€ OfHEe 3 LEHTPAIBHMX MICIh Yy IAaToreHesi
BKa3aHOI TaTOJIOTi] Ta BiJIOBIIHO BIUIMBAE HA MEXaHI3MH PO3BUTKY
BCiX HOro MaToreHeTHYHUX KOMITOHCHTIB i MaHi(ecTaril KIHIYHIX
NPOSIBIB (OXKUPIHHS, AUCIIITACMIst, MABUIIICHA TJIFOKO3a HATILECEPLIE,
iHcymiHopesucTenTHictb) (Guamer-Lans et al.,, 2011; Kim & Halter, 2014).

Bu3Ha4aroTh BUCOKY KOPEJILIIO MK yMICTOM ecTporeHiB (0cob-
JIMBO €CTPOHY — T'OJIOBHOT'O TIPOAYKTY TIeprAQepiiHOi apoMaTH3arlii) B
CHpOBATII KPOBi 31 CTyIIEHEM OXKHPIHHA Ta IHAEKCOM MacH Tilla y
TIALIEHTIB SIK YOJIOBIYO, Tak 1 xkiHo4oi crati (Newbold et al., 2009;
Cao et al., 2012; Jones et al., 2013; Boonchaya-anant et al., 2016).
TlocunenHst pocTy XHUpOBOI TKAHHHK Ta 30UIBIICHHS apoMaTasHOl
AKTHBHOCTI BUKJIMKAE TII¢ OLIBIIY MPOAYKIIFO €CTPOTeHiB, YaCTHHA 3
SIKMX MOOLTI3y€ThCsI B CHCTeMHHIA KpoBOoOir. TakuM 4uHOM, y OiTb-
IIOCTI XBOPHX HA METAOOJIYHMN CHHIPOM PEECTPYIOTh 30LIBIICHHS
BMICTY €CTpOreHiB (31eOUTBIIOro ecTpoHy) y miasmi kpoBi (Kim &
Halter, 2014). {ic6ananc craTeBHX TOPMOHIB 31 30UTBIICHHSM ILIa3-
MOBOTO PIBHSI €CTPOTCHIB, aCONIHOBAHMI 13 rilepriiKeMi€ro Ta Jiade-
TOM; HETaTHBHO BIUIMBAE Ha BYIVICBOAHHMI OOMiH, 3MCHILY€ UyTIIH-
BICTb KJIITHH [0 iHCYJIiHY 4Yepe3 3HIKECHHs eKCIIpecil HCY TiH3aIexk-
Horo TpaHcnoptepa rmoko3n GLUT4, y 383Ky 3 4iM y Takux mari-
€HTIB PeeECTPyIOTh icToTHO 30inbIueHui iHgekc HOMA-IR (Xu et al.,
2008). HagmipHuii piBeHb €CTPOreHiB MPOBOKYE PO3BUTOK JIMCIIITI/I-
eMil He TUIbKH OTOCEPEIKOBaHO Yepe3 30UTBIICHHS 00CSTY KUPOBOL
TKaHWHY, 2 1 PSAMIMH MEXaHi3MaMH Jil Ha eCTPOTeHOBI PELIEITOPH
TIEYiHKA Ta TIiIBHUIICHHSAM aKTUBHOCTI TOPMOH3AICKHOI JIITONPOTE-
TruTinasy sxupoBoi TkaHuaH (Gao et al., 2008; Comitato et al., 2015).

Bce 3a3HaueHe BUIle 1a€ 3MOT'y BHCIIOBHTH TilOTE3y, 1110 32 Me-
TabOJIIYHOrO CHHIPOMY iICTOTHO 3pOCTa€ apoMaTa3Ha aKTUBHICTb Bic-
LepaIbHOI KUPOBOI TKAHUHH, a iHTi0ITOpH apomarasu, iMOBIpHO, MO-
XKyTh KOPETYBaTH aKTUBHICTb L(bOTO €H3UMY Yy MPEAJUIOLMTAX, IO
MO)KE BIUIMBATH Ha TiepeOir MeTaboNiigHOrO CHHIPOMY B3araji abo
Ha 0o OKpeMi CKJIa I0BI.

Humi omayM i3 HaltiH(QOPMATHBHIIINX IPOrHOCTHYHNX MapKepiB
niepediry MeTaboIiYHOTO CHHAPOMY Ta HU3KH {HIINX CTaHIB, B OCHO-
Bl SIKHX Ma€ MicCIie TIOpYIICHHS OOMiHY BYIJICBO/IB (iHCYJIIHOpE3uC-
TEHTHICTb, IMiZIBUILEHHS [VIIOKO3W HaTIIeceplie) Ta JIMiiB (Tinepii-
MifIeMist, OXKUPIHHST), € PIBEHb aJUIOHEKTHHY B KPOBI. 3a IIHX 3aXBO-
PIOBaHb PiBEHb AUIOHEKTUHY 3HWKYEThCS, Ha BiOMiHY Bif iHIIHMX
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AJIUIIOKIHIB, 1 Ma€ YiTKy KOPEJISLIiIO 3 PIBHEM JIiIiJIiB, JMONPOTEINiB
ta HOMA-IR (Von Frankenberg et al., 2014; Ding et al., 2015). Cniz
3a3HAYMTH, 1110 AJUIOHEKTHH Ma€ 3IaTHICTh BIUIMBATH Ha Mpodtide-
pauito Ta audepeHiioBaHHs PeaIHIoLUTIB, a TaKOX € JaHi, 110
HOro BMICT 3BOPOTHO KOPEIIOE i3 MIUTBHICTIO KICTKOBOI TKAHHHU Ta
Macoro BicuepabHoro sxupy (Komer et al., 2005; Richards et al.,
2007; Matsushita et al., 2013). Li ¢axTit MoXKyTh BKa3yBaTH Ha iMO-
BIpHUIA B32€MO3B 30K MK OOMIHOM €CTPOICHIB, apOMATA3HOK) aKTHB-
HICTIO >KMPOBOT TKAHHHH Ta PiBHEM JTUTIOHEKTHHY B CHPOBATIII KPOBI.

Mera 1b0ro JOCIIHKEHHSI — BU3HAYHTH apOMaTa3Hy aKTHBHICTh
JKAPOBOT TKAHMHM Ta Ti KOpesiilii 3 yMICTOM CHPOBATKOBOTO aJIUIIO-
HEKTHHY Ha TV eKCIIEePUMEHTAIBHOIO METabOIIMHOrO0 CHHAPOMY Y
TBapHH, a TAKOXK BI3HAYCHHS BIUIMBY 3aCTOCYBaHHSI iHTi0ITOpIB apo-
MarasH Ha JIOCHi/DKYBaHi MOKa3HUKH.

Marepian i MmeToau 10CTiKeHb

Jocnimxero 200 ayTOpenHnx cupificbkux XoM’sukiB (Mesocri-
cetus auratus Waterhouse, 1839) 06o0x crarteii Bikom 1,0 1 2,5 micsiiist
(Ha MOMEHT MOYaTKy eKcrepuMeHTy). Ilimmociiasi TBapuHu yTpH-
myBamcs y BiBapii [IH/1JI HaioransHoro ¢apMareBTHIHOrO yHi-
BEPCHUTETY 3TIIHO 31 CTAHIAPTHIMH CaHITAPHUMH HOPMaMH y PEKO-
MEH/IOBaHUX JUISl 11bOTO BUy TBapuH yMoBax. KoxkeH eram ocmiz-
JKEHHSI TIPOBOIMJIH BIIMIOBITHO 10 OIOTUYHMX HOPM, YCTaHOBJICHHX
mupektrBoro Pamn €C 86/609 €EC Bin 24 nucromana 1986 p. mpo
JIOTPUMAaHHSI 3aKOHIB, IOCTAHOB 1 a/IMiHICTPATHBHHX TIOJIOKEHB JIep-
xaB €C 13 MUTaHb 3aXKUCTY TBAPHH, 110 BUKOPHCTOBYIOTHCS IS €KC-
MEPUMEHTAJIFHOI Ta 1HIIIOT HAyKOBOI METH.

Tlepen no4aTKOM EKCHEPUMEHTY TBapHH 3BaXKYBAJIU Ta PO3IIOI-
JISUTH Ha YOTUPH PaHIOMI30BaHi 32 BIKOM i CTATTIO KacTepu 1o S50 TBa-
PHH Y KOXKHOMY, III0, Y CBOIO Yepry, HOJULUIACS Ha 5 aHAJIOTTUHIX
rpyn o 10 TBapuH. Excriosumist ekcriepuMeHTaIbHIX Py chopMo-
BaHa 3Ti/THO 31 BCTAHOBJICHOIO METOIO JOCIIDKCHHST:

—rpyma | — iHTaKTHI TBApHHU 0€3 MOJICIBHOT [ATOJIOTT;

— rpyna 2 — TBapHHH 3 €KCIIEPUMEHTAIBHOIO KOHTPOJIBHOIO Ia-
TOJIOTI€IO;

— rpyna 3 — TBapuHH 3 EKCIIEPUMEHTAIBHOIO TATOJIOTIEI0, SIKi
OTpUMAJIH TpenapaT eK3eMeCTaH;

— Tpyna 4 — TBApUHH 3 EKCIICPUMEHTAIIHHOIO TMATOJIOTIENO, SIKi
OTpUMAJIH Mpenapar JeTpo30JL;

— Ipyna 5 — TBapHHH 3 CKCIICPUMEHTAIBHOI IATOJIOTIER0, SIKi
OTPUMAIH NPETIapaT aHACTPO3OI.

MonenbHy MaToJIOri0 ANIMEHTAPHOTO METAabONIIYHOrO CHHAPO-
My Y TBapuH IHAYKYBaJIud MOAN(DIKOBAHOIO BUCOKOKAJIOPIHHOIO Iie-
TOFO 3 BUCOKHM YMICTOM YKHPIB Ta BYTJICBOIB (i3 BUCOKOIO YaCTKOIO
(pyKTO3H), HAOTIKEHOIO [0 «Ii€TH KadeTepiroy, M0 BUKIIHKAIO J10-
JATKOBE TONIMHAHHS KaJOpid IUIIXOM JOOPOBUTGHOI Tinepdarii
(Dalbege et al., 2015; Wong et al., 2016). Y mexax i€l Mozierni TBa-
PMH YTpUMyBaIM Ha TAKOMY PALiOHI IPOTATOM 6 TIDKHIB. TBapuH i3
IPYIH iHTAKTHOTO KOHTPOJIIO YTPHMYBAJIM Ha CTAHIAPTHOMY 30aJIaH-
COBAHOMY DALOHI ISl XOM’STYKIB YIIPOJOBK YChOTO CKCIIEPHMEHTY.

Sk (apMaKOKOpEKTOpU apoMaTa3HOI aKTUBHOCTI JKHPOBOI TKa-
HHHH TBapHH 3aCTOCOBYBAJIU IHTIOITOpH apoMaTasu TPEThOro IOKO-
JIiHHSA, 3aPEECTPOBAHi Ha TEPUTOPIl YKpaiHu: Mperapar i3 Kacy cre-
poinHuX iHriGiTOpiB apomarasu exsemectan (Exsemecran-Bicra®,
Tabn. 25 mr, No 30, Ne UA/14554/01/01) Ta npenaparu 3 Kiacy Tpu-
a30MbHUX iHTIGiTOpIB apomatasu nerposon (Jlerpomapa®™, TaGu.
2,5 mr, No 30, Ne UA/4698/01/01) Ta anactpo3on (Anactpo3on Can-
103", Tabu. 1 mr, No 28, Ne UA/13575/01/01).

Jlo6oBi 1031 nperapatis, exkBiBaenTHi 1t TBapuH (AED), po3-
paxoBaHi 3rifHO 3 OCTAHHIMH PEKOMEHJALISMU ILIOZ0 IPOBEICHHS
JOKITIHIYHUX JOCTIIKEHb 3 YPaXyBaHHSM CEpeIHBOTEPANICBTUYHIX
IOOOBUX 103 UL JIFOAMHH Ta MDKBHIOBOI PI3HHIII Macy Ta IUIOIIL
nioepxHi Tita (Nair & Jacob, 2016). Takum unHOM, T0OOBI 103U
TIpenapartiB Ul XOM SUKIB CKIaM: ek3eMecTaHy — 3,086 wmr/kr,
nerposoiy — 0,309, anactposzoiny — 0,126 mr/kr.

TTicys BiATBOPEHHS CTIHKOrO METa0OJIYHOTO CHHIPOMY Y TBa-
PMHH TIOYMHAIA 3aCTOCOBYBATH BIAMOBIAHI iHrIOITOpH apoMarasu.
HeoOxinHy iHAMBIqyanbHy TSl KOXKHOI TBAPUHK KiTbKICTB Ipenapa-

Ty 3BaKYBAJIM Ta JUCHIEPTYBAIM B OJHOMY MUIUIITPI OYUIIEHOT BOIU
Ta BBOJWIM BHYTPIIIHBOLLTYHKOBO 3a JIONOMOIOKO CIICL[AJIGHOTO
30H7a OZIMH pa3 Ha 100y yrnpoxosx 21 1o6u. st BiqTBOpeHHs piB-
HUX YMOB €KCIICPHMEHTY TBapPHHAM i3 TPYIl HEraTHBHOIO Ta MO3U-
TMBHOT'O KOHTPOJIIO BBOMIIIM 1 MJI OYHMILICHOT BOJM YIIPOJIOBIXK 1ILOIO
repiofy. YBEICHHS TBapHHaM JIIKapChKUX 3aco0iB 1 mmane0o 3mii-
cHroBaym mozo6u o 9.00-9.30 HaTmeceprie repe KOHTPOJIBHIM 3Ba-
sKyBaHHsIM. HeoOXiHy JUIs TBapHHY KUTBKICTB Ipenapary Koperysa-
JI1, BpaXoOBYIOUM Macy TiJla Ha IOTo4Hy 100y. [TpoTsrom 3a3HaueHoro
HepioAy PaLlioH TBApHH yCiX Py 3IMILIABCS HE3MIHHIM, 1110 J03BO-
JIsI€ OLIHUTY BILUTMB Came TIperiapartiB, a He 3MiHH Croco0y KUTTS, Ha
OLIiHIOBAHsI MTOKA3HHKIB 1 riepedir MeTabosTiuHOro CHHIPOMY.

[Tics KypcoBOro 3acTocyBaHHsI MpErapariB ymponorx 21 mpodu
(abo eKBIBAJICHTHOTO Yacy OYiKYBaHHS B pa3i MO3UTUBHOTO Ta HETa-
THBHOTO KOHTPOJIIO) BCIX TBApHH BHBOJWIM 3 EKCIICPHMEHTY Iij
XJIOpaJI030-yPETaHOBUM HapKO30M IIUIIXOM JEKariTamii Ta Binoupa-
7 GioJoriyHMH Matepial. 3a3gaierigp rnepeq eBTaHa3iel0 TBAPHHU
OyJu 1030aBJieH] BUTBHOrO JIOCTYITy 70 DKi. Y NEKaIliTOBaHUX TBa-
PpUH 30MpatH KPOB Il OTPUMAHHS CHPOBATKH (fie¢ BU3HAYAIA BMICT
A[IUIIOHEKTHHY) Ta XiPyprivyHO BIUTYyYaId Me3eHTEpabHY BicLiepaib-
Hy ’KUPOBY TKaHHHY (11 OL[HIOBAHHS apOMAaTa3HOI aKTHBHOCTI).

Crizt 3a3Ha4MTH, IO Hapasi He iCHye ofHiel yHi(ikoBaHOI, epek-
THBHOI Ta €KOHOMIYHO JIOL{IBHOT METOAMKH BH3HAYCHHS aKTHBHOCTI
apoMaTtasyl B XKUPOBIH TKAHWHI, TOMY MH BUKOPHCTOBYBaIN MOAM(i-
KOBaHy METOJIMKY BH3HAYEHHS IbOTO ITOKA3HMKA HA OCHOBI JEKiNIb-
KOX Tpalb 1 0COOMCTO OTPHMAHMX EMITIPHYHHX JAHUX — KiHSTHIHE
BU3HAYCHHS aKTUBHOCTI apoMaTtasH 3a KUIbKICTIO TPOIYKTY PeaKiyi
iMmyHo(epmenTHIM MeTofoM (Sun et al., 2007; Tinwell et al., 2011).

I'omorenar orpumyBamm 3 1 T >xupoBoi Tkanuad B 3 M 0,1 M
Kauiid pocdarroro Oydepa (pH = 7,4) 3a HU3BKOI TEMIIEPATypH, [UIS
Kpamioi comoOinizanii skupoBux KimntuH mpomaBam 0,015 r mayprn
cynb(hary, Hicist Y0ro OTPUMAHHI FOMOIeHAT TIPOXOHB J(Ba LKA
3aMOPOYKyBaHHS/PO3MOPOXKYBAHHSL 33yl PyiHYBaHHS KIITHHHHX
MeMOpaH. BmicT Gijika B roMOreHati BU3HAYAIM ICIS OCA/PKCHHS
LEHTPU(DYTYBaHHSIM 13 TPUXJIOPOLITOBOIO KHCIIOTOIO Ta TIePepO3dH-
HeutsiMv B 0,1 H posumni Hatpito rigpokcuay merozmom Jloypi B
moaudixaii Xaprpi (Meron Mimwtepa B Momudikauii Xaptpi). [Ticis
peakiiii yTBOpeHHs OiypeTOBOrO MiTHOIO KOMIUIEKCY Ta B3a€MOJIIl
peaktuBy DoJiHa 3 THPOUHOM 1 IMCTETHOM y TIENITHIHKX JIAHITFOTaX
IHTEHCUBHICTb 3a0apBJICHHS BUMIpsUTM TIpoTH Onanka 3a 650 HM
(Redmile-Gordon et al., 2013).

AKTHBHICTh apoMaTa3d BH3HAYAIM 32 OTPUMAHHSM TMPOIYKTY
€CTpaIioNy 3 JOJAHOTO JI0 PEAKIHHOT CyMillli Ha/UTHIIIKY TeCTOCTE-
pony Ta NADPH. Ockijibku TECTOCTEPOH — He TepeBaXKaroumii cyo-
CTpar Ul apOMaTasu >KUPOBOT TKAHWUHH, & ECTPAJIioN — He IepeBaxa-
MIpHHH, 110 Ta€ 3MOTY BU3HAYUTH 3MiHY KOHIICHTpALIii.

JUst ipoBeieH st peakuii B IpoOipKy ofaBaiy 1 M1 OTpUMaHo-
ro roMoresary, 29 Mxmonb Tectocrepony Ta 200 mxmons NADPH.
Jonasannst NADPH iHiniroBano apomarasHy peakuiro. ITicist woro
npoOy iHKyOyBali Ha TepMoOCTaTyBalbHOMY Iueiikepi Immuno
Chem-2200 (HTI, CILIA) ynponosx 30 XBWIMH 3a Temmepatrypu
37 °C. I3 BiAnoBiqHOTO 3pa3Kka FOMOICHATY TAKOXK TOTYBAIIM HYJIbOBY
mpo0y, 6e3 TomaBaHHA KOMITIOHEHTIB peaKLii Ta iHKyOyBaHHS, I¢ BU-
MIpIOBaJI BHUXITHY KUIBKICTh ecTpazniony. Ilicis iHKyOyBaHHS peak-
L0 MPYBYNMHHA eKBiMOIsIpHEM topaBandssM HCl o BimmiTku
pH =7,0. ITpobu nentpudyrysam npaktrdaHo 3a 5 000 g i Bigbupa-
JIM CyHepHATAHT JUIsl IMyHO(EPMEHTHOTO aHaJIi3y.

KinbKicHe BU3HAYeHHS €CTPaioNy B CyNepHATAHTI Ta aIUIOHEK-
THHY B CHPOBATL{ KPOBi MPOBOIAWIN IMYHO(GEPMEHTHHM METOIOM
ELISA 3a 10momMororo BiiMOBIAHNX CTaHAAPTHHX HA0OPiB PeakTHBIB
Ecrpamion I®A (TOB «XEMAY, Ykpaina) Ta Hamster Adiponectin
ELISA Kit (LifeSpan BioSciences Inc., CILIA) 3rigHo 3 iHCTpyKLi€o
JI0 3aCTOCYBaHHS Ha iMyHo(epMeHTHOMY aHajtzaTtopi Stat Fax 303
plus (Awareness Technology, CIIIA).

OtpuMaHi pe3yybTaTi PO3PaxXOBaHi CTATHCTHKO-TOTICTHYHAM
MerozioM 4Pl 3a 10IOMOroI0 IHTEpPHET-CEpBICY UL BUIBHOIO BHKO-
pucranms MyAssays” i 101aTKOBO CTATHCTHYHO 0Gpo6IIeHi i3 3acTo-
CyBaHHsM HerapameTpryHuX MetoiB anamsy (Mann-Whitney U-Test)
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3a JIOIIOMOTOR0 CTAHAPTHOTO MaKeTa KOMIT FOTEpHOI mporpamu Sta-
tistica 7.0. B3aeM03B’s13k1 Mk O3HaKaM1 BH3HAYAIIH 32 OKA3HUKOM
koediwienTa niHiiHOT kopeswii IlipcoHa Ta ouiHOBaNM 1X CUTy 32
mkatoro Yemmoka. st Kparioro iHTeprnpeTyBaHHsS Pe3yNbTaTiB i
YHUKHEHHSI HU3KM TIOMIUIOK 11T 9ac TEeCTYBAaHHS CTATUCTUYHUX Tillo-
Te3 3aCTOCOBaHO iHTepBaH BiporigHocTi P < 0,05 Ta 0,01.

Pesyabratn

3a BIUIMBY TPUBAJIOI BHCOKOKAJIIOPIMHOI TETH 3 BUCOKMM yMic-
TOM KHUPIB 1 (PYKTO3H B YCIX TBapHH HE3QJICKHO BiJ| CTATi Ta BIKy
criocTepiraiy 30UTbIICHHS apOMaTa3HOi aKTHBHOCTI KMPOBOI TKaHHU-
HH Ta 3MCHILCHHS BMICTY aJUIIOHEKTHHY B CHPOBATII KPOBI, L0 y3-
TOIDKYETHCS 13 3araylbHAMH YSBICHHSAMH LIOJ0 Tepediry eKcrepH-
MEHTAIGHOTO MeTabOJIYHOr0 CHHApOMY. TakoX y MiUIOCIiIHHUX
TBapHH BH3HAYAJIM 3HAYHY 3BOPOTHY KOPEISLII0 MDK LIMMH JBOMA
TOKa3HMKaMH, 1[0 MOKE CBITYMTH PO BUCOKY HMOBIPHICTh HAsIBHO-
CTi B3a€MHHX PEryJIITOPHUX MeXaHi3MiB (Tao. 1).

Taomuus 1
Kopersiwiiinuii 38’130k MiXk apOMaTa3HOIO aKTUBHICTIO
JKAPOBOI TKAHWHH T PIBHEM aUIIOHEKTHHY B CHPOBATII KPOBi

BEHBb CHPOBATKOBOT'O aIMTIOHEKTHHY, HABIIAKH{, 3MEHIILLYBaBCsI Maibke
yBiui. Kpim Toro, npocresxyBasnacst 4iTka 3BOPOTHA 3aJIEKHICTb MK
JIBOMA JIOCITI/DKYBaHHMH MOKa3HUKaMu (Tabi. 3). Takox BHCOKa KO-
PeIISILIist MK TTOKa3HUKaMU B LA rpyIi 30epiranacst BCepeIuHi rpyi,
JIe 3aCTOCOBYBAJIH iHTIOITOPH apoMaTasH.

Ta0mus 2

B inri6iTopiB apomarasy Ha crenu(ivHi HOKa3HUKI
Tniepe0iry MeraboIIiTHOr0 CHHAPOMY B CAMIiB XOM STUKIB
3pisioro Biky (x £ SD, n = 10)

Apomara3Ha aKTHBHICTb KHUPO-  AJIUIIOHEKTHH
ExcriepumenTasnbHa .. . . .
a BO1 TKAHWHH 3a ‘eCTpaI[lOJ'IOM, Y CUpOBaTIl KPOBL,
TPy TIMOJIB/MT OUIKaXToJI. HI/MIT
IHTaKTHMI KOHTPOIIb 0,251 +0,024 221,19+10,34
KonrporsHa natonorist 0,751 0,064 81,59+4,32"
ExsemecTan 0,184+£0,017" 164,78 +7,85"%
Jletposon 0,119+0,013™ 192,33 £541"
Anactposon 0,163 £0,022"" 186,94+ 627"

TBapuHu BikoM TapuHH BikoM

. 2,5 micstiis (Ha oyaTok 1 Micsiip (Ha royaTok
ExcriepumenTaibHi TBapUHI

EKCIIEPUMEHTY) EKCIIEPUMEHTY)

camiii camuLii camii camuLi
Toapusn, sici e OIpUMY- 090 0859 0839 0701
BaJIM iHTiOITOpPH apoMarasu
TBapuHH, SIKi OTPUMYBAIIH
€K3eMeCTaH (BHYTPILIHBO- -0,764 -0,721 -0,613 —0,637
TPYIIOBa KOPEJIALLisT)
TBapuHH, SIKi OTPUMYBAJIH
JIeTPO301 (BHYTPILIHBO- -0,821 -0,865 -0,860 -0,674
TPYIOBa KOPEJIALList)
TBapuHH, SIKi OTPUMYBAJIH
AHACTPO30J (BHY TPILLHBO- -0,791 —0,798 -0,706 -0,670

TPYIoBa KOPEIILList)

YV camiliB XOM’sTUKiB BIKOM 2,5 MiCSIIS HA MOYAaTOK EKCIICPUMEH-
Ty, Ha TJi MOJEJIBHOI JI€TH BIPOTIHO 3pOCTaB PiBEHb apoMaTa3HOl
AKTHMBHOCTI BTPUYI Ta 3MEHILYBaBCsl BMICT aJUTNIOHEKTHUHY B CHPOBAT-
i y 2,7 pa3a (tabun. 2). HasiBHICTb ZOCHTH BUCOKOI, 3a IiKanoro Yen-
JIOKa, 3BOPOTHOI KOPEJIALil IMX MOKA3HUKIB Ta MPAKTHYIHO MPOTIOp-
LilfHa iX 3MiHa Y 3pUIHX CaMIIiB CBIIYUTH PO BICOKY HPOTHOCTHYHY
3HAYYIIiCTh BU3HAYCHHSI TOKA3HHKA apOMAaTa3HOl peaKLil B )KHPOBIi
TKaHUHI 32 eKCIIEPUMEHTAIBHUX TaTOJIOTIH, 0 XapaKTepH3yIOThCs
3MEHILICHHSIM PiBHSI aIMIIOHEKTHHY Ta MOPYIIEHHSM MeTaboii3My B
JKUPOBIi TKaHHHI (METAO0OIYHUIA CHHIPOM, O>KHPIHHS TOIIIO).

3a BIUIMBY €K3eMeCTaHy, 10 BBOAMBCS 103010 3,086 MI/Kr y
CaMLiB [JaHOI IPYIH 3 BUCOKOIO BIPOTiJHICTIO 3MEHIIIYBABCsI CTYITiHb
apomarm3allii y BicIlepaIbHii >KMpOBii TKaHHHI Ha 75,5% MOpPIBHIHO
3 aHAJIOTTYHNM TTOKa3HUKOM TBAPHH 13 TPYIH KOHTPOJIBHOI TATOJIOT T
(P <0,01). ¥ cBoto uepry, piBeHb aIUIIOHEKTHHY B CHPOBATII KPOBL
IMX TBApHH BIPOTIIHO 3pOCTaB MPAKTHYHO yABIdi. BHyTpimmHbOrpY-
MOBHI KOe(DIlliEHT Kopesiil MK MOKa3HUKAaMH B I1iii rpymi OyB
3BOpOTHUM BUCOKUM (R =-0,764).

3acToCyBaHHs y 3pUIMX CaMIliB aHTHAapOMAaTa3HHX IperapariB
TPHa30JIbHOI Oy0BH BUKIMKAIO BIPOTiIHE 3MEHIICHHS aKTHBHOCTI
apomarasy B KMpOBIif TKaHMHI Ha 84,2% y TpyTIi IeTpo30iTy Ta Ha HA
78,3% y rpymi anactposomy (P < 0,01). Crix 3a3na4uTy, 1o ueit mo-
Ka3HMK apoMaTH3allil 3a il mpenapariB i3 BUCOKMM CTYIICHEM Bipo-
rigHOCTI OyB HABITH MEHIIIMM 32 IHTAKTHE 3Ha4eHHs. Jlerpo3on i aHa-
CTPO30J1 CIPHSUIA 3POCTAHHIO PIBHS /IMIIOHEKTHHY y TBapHH i3 Me-
TabOIYHIM CHHIPOMOM Maibke B 2,4 Ta 2,3 pasa BiANoBiaHO, Oyia
3achikcoBaHa TEHACHLIS [0 HOpMaTi3alii [Oro MOKA3HKKa, ajie BCe
K Taky OyJIM HasIBHI CTATUCTHYHI BIMIHHOCTI BiJ{ 3HaYeHb IHTAKTHOI
rpymi (P < 0,05). Crna 3BOpOTHOTO B32€MO3B’SI3Ky MK ITOKa3HHUKaA-
MH Y IIMX IpyTiax 3a mKajzoro Yemioka Oya BUCOKOLO.

ApoMara3Ha aKTHBHICTb BICIIEpAIGHOI JKMPOBOI TKAHUHM Y Ca-
MHIIb BIKOM 2,5 MiCSII Ha IOYaTOK €KCIIEPUMEHTY Ha TJIi aliMeHTap-
HOTO MeTaboJIYHOrO CHHAPOMY BipOTiHO 3pocTaia B 2,8 pasa, a pi-

Tpumimiu: " — BiIMIHHOCTI BIpOTiIHi BiIHOCHO TBApMH IPYIH {HTAKTHOTO
KOHTPOIIIO 32 PiBHs 3HauymocTi P < 0,05, — 3a piBHa 3uauymocti P < 0,01;
# _ BivinHOCTI BipOTifHI BITHOCHO TBAPHH TPy KOHTPOIBHOI HATOMOTIT 32
piBast 3HAgymOCTi P < 0,05, * — 32 piBms sHauymocti P < 0,01.

3a BIUBY BHYTPIIIHBONUTYHKOBOTO BBEICHHS EK3EeMECTaHy
BIIPOZIOBXK 21 100U apomara3Ha akTUBHICTb KUPOBOI TKAHWHH 3MEH-
TIyBajiacs Ta Maibke He BiZPi3HAIACS BiJl aHAJIOTTYHOrO MOKA3HMKA B
IHTAKTHIN TPyIIi, @ BMICT aJIMIIOHEKTHHY B CHPOBATLI KPOBi 3pOCTaB
npakTHyHO B 1,6 pa3a MOPIBHSHO 3 KOHTPOJBHOIO MATOJOTIERO.
3acrocyBaHHs JieTpo3oiy B 1031 0,309 Mr/kr Ta aHacTpo3oiy B 1031
0,126 Mr/kr 3MeHIIyBajO iHTEHCHBHICTH apOMAaTH3allii B >KUPOBIi
TKaHuHI Ha 75,3% 1 72,9% BinmoBimHO, M0 OyJI0 BipOTiIHO MEHILE
32 TIOKa3HUK IHTAKTHOTO KOHTPOJIO. PiBEHb a[IUIIOHEKTHHY B CHpO-
BaTill TBAPUH TPYNH JIETPO30JIY JIOCTOBIPHO 3pOCTaB Maibke B
1,8 pa3a, a B rpymi aHacTpo3oiy — B 1,7 pa3a MOPIBHIHO 3 KOHTPOIb-
HOIO I1aTOJIOTIEIO.

Tabmus 3

B inTi6iTopiB apomarasu Ha Criel(ivHi TOKa3HUKH
riepediry MeTaboiqHOrO CHHAPOMY Y CAMUIIb XOM STIKIB
3pisoro Biky (x £ SD, n= 10)

Apomara3Ha aKTHBHICTb XKHPO-  AJIMIIOHEKTHH
ExcrniepumenransHa . . . .
BOI TKaHMHU 32 €CTPAJIioNIoM, Y CHPOBATLIi KPOBI,
rpyna .
TIMOJIB/MT OLJIKAXTOJ. HI/MIT
IHTaKTHWMIT KOHTPOJIH 0,360 £ 0,026 151,78 7,39
KOHTpOIbHA ATOOTist 1,016+ 0,080 75,90 +3,65"
Exsemectan 0,307 +0,025™ 119,65 +4,32"
Jletposon 0,251 +0,024™" 134,66 3,907
Anacrposon 0,275+0,018™"* 126,09+ 5,61
IIpumimku: " — BIIMIHHOCTI BIipOrifHi BiIHOCHO TBAPHMH IPYIN iHTAKTHOIO

KOHTpOJTIO 34 piBHs 3HauymocTi P < 0,05, ™ — 3a pins 3#auymocti P < 0,01;
¥ _ BiIMIHHOCTI BipOTiIHI BiIHOCHO TBAPMH IPyIH KOHTPOJIBHOI MATONOTiT 3a
piBast 3uauymocti P < 0,05, * — 3a pisus spauymocti P < 0,01.

ImMyHOdepMeHTHHMI aHaITi3 CynepHaTaHTa 3 TOMOTEHATy BicIe-
PaJIBHOT YKUPOBOI TKAHWHH Ta CHPOBATKH KPOBi CAMIIIB XOM STIKIB Bi-
KOM OZIMH MICSIIb Ha TI0YaTKy €KCIIEPUMEHTY I10Ka3aB 30UIBIICHHS
AKTUBHOCTI apoMarasy MPaKTHYHO B 4,9 pa3a Ta 3MEHILCHHS BMICTY
AITUTIOHEKTUHY Y/IBi4i 32 MOJICTIHHOT BUCOKOKATIOPIUHOIL €T (TabuL. 4).
Crta 3B0pOTHOT'O KOPEJISILIIHHOTO 3B’ 3Ky MK IIUMH OKa3HUKaAMH Y
TBapHH, 110 HE OTPUMYBAJIHY IHTIOITOpH apoMaTasu, Oyia BUCOKOIO.

Brcoki 3a mikanoro Yezmoka 3BOpOTHI KOSPILIEHTH KOPEsLil
TaKOX B IHIIMX TPyIax, J€ 3aCTOCOBYBAIN IpENapaTH, KpiM IpymH
€K3EMECTaH, JI¢ CHJIa 3BOPOTHOTO 3B’SI3KY MOKA3HHUKIB JOCHTB YiTKO
IPOCTEKYBAJIACh.

Vei mocnipKyBaHi IpenapaTi 3MEHITYBAIH apOMaTa3Hy aKTHB-
HICTb YKUPOBOI TKAHWHU JI0 PIBHIB, 1110 CTATUCTHYHO HE BIJIPI3HSIINCH
BiJ IHTAKTHUX 3HaueHb. [IpoTe BiIHOBJIEHHS HOPMAJIBHOTO PIBHS
AJIMIIOHEKTUHY BiIOYBAJIOCS JIMILIE Y TBAPHH, 1110 OTPUMYBAJIN JIETPO-
301. Y Ipynax ek3eMecTaHy Ta aHACTPO30JIy CHPOBATKOBHH BMICT
AIITIOHEKTHHY 3pOCTaB MpakTUyHO B 1,7 Ta 1,8 pasa BimmosimHO,
mpoTe 30epiranacsi BiporiiHa BiAMIHHICTH Bil IHTAKTHHX 3HAuCHb.
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Ciiz 3a3HauMTH, 1O B TPYIN AHACTPO30ITY HOKA3HUK BMICTY aIHIIO-
HEKTHHY Y TBapHH MaB TeHEHLIiI0 10 HopMatizari (P < 0,05).

Tadmus 4

BB iHribitopis apomarasu Ha crienigivHi OKa3HUKA
niepebiry MeTaboivHOrO CHHAPOMY B CAMIiB XOM STYKIB
MoJtoz0ro BiKy (X + SD, n = 10)

ApoMara3Ha aKTHBHICTb XKHPO-  AJIUIIOHEKTUH
ExcriepumenTaibHa .. . . .
a BOI TKAHWUHH 33 CCTPA/IIONIOM, Y CHPOBATLL] KPOB,
oy TIMOJIB/MT OLJIKaXTOI. HI/MI
IHTaKTHMIT KOHTPOITB 0,126+ 0,016 201,33 £6,46
KoHTpOIIbHa MaTorNoris 0,615+0,058" 102,454,217
ExseMecTan 0,174+ 0,023 175,03 £5,16™"
Jletposzon 0,168+0,017% 188,10+ 4,27%
Anactposon 0,159 +0,020" 180,82 + 3,66
Ipumimiu: " — BiIMIHHOCTI BipOTi/Hi BiJHOCHO TBAPHH IPYITH iHTAKTHOTO

KOHTpOJTIO 3 piBHs 3HauymocTi P < 0,05, ™ — 3a pius 3Hauymocti P < 0,01;
# _ BiyMirHOCTI BIpOTiTHI BITHOCHO TBAPHH TPYTIH KOHTPOTHHOT MTATONIOTIT 32
piBns 3Hauymocti P < 0,05, * — 3a pius 3nauymocri P < 0,01.

YV MOnoauX caMHIlh XOM STUKIB Ha TiIi €KCTIEPUMEHTAIIEHOTO Me-
TabOJMIYHOTO CHHIAPOMY PIBEHb apOMaTa3HOI aKTUBHOCTI YKHPOBOL
TKaHMHH 30UIbIIyBaBcs B 2,1 pasa, a piBeHb aJUITIOHEKTHHY 3MEHIILY-
BaBcs B 1,8 pasa. Koperswist B mii rpyni HaiiMeHIIa 3 ycix aHaJIori-
HHX TPYII 32 BIKOM Ta CTaTTIO, 3aiiMayia POMDKHUI PiBEHb MK BU-
COKOIO Ta NMOMITHOIO KOpeJIIiiero 3a mmkanoro Yemmoka. Beepemyni
CKCHIEPUMEHTAILHUX TPYI TBAPHH, SIKi OTPUMYBAJIH IIpenapar, Kope-
JISILST TAKOXK HAMHIDKYA — MOMITHA, Cepefl YCiX aHaIOrYHHX IPYIL.
IIpore Taka cra 38’s3KIB TeX CBITIUTH PO HMOBIPHY HASBHICTD B3a€-
MO3B’SI3KY MK ITOKa3HUKaMH (Ta0uL. 5). Y caMHIIh XOM’STIKIB BIKOM OZIFH
MICSIIIb Ha TTOYATOK EKCIIEPHMEHTY BCi JIOCIIKYBaHI MpernapaTy TPHBO-
JIAJTA IO HOPMAJTi3allii IOKA3HHKA apOMaTa3HO! aKTHBHOCTI KHPOBOT TKa-
HUHM Ta 3HA4ylle 30UIBLIYBAIM NOKA3HUKHM BMICTY aIMIIOHEKTHHY B
CHPOBATLY, 110 3 HEBEJIMKMM CTYTICHEM BIPOTITHOCTI BiIPI3HSUIACS Bix
iHTaKTHOTO 3Ha4eHHs (P < 0,05).

Tabmuus 5

B iHTi6iTOpiB apomarasu Ha crier(ivHi MOKa3HUKA
niepe0iry MeTaboivHOrO CHHAPOMY CaMHILIb XOM STIKIB
MoJtoz0ro BiKy (X + SD, n = 10)

Apomara3Ha aKTHBHICTb XKHPO-  AJIUIIOHEKTUH
ExcriepumenTaibHa .. . . .
BOI TKaHHHH 32 €CTPAJioNIoM, Y CUPOBATLIi KPOBI,
yna IIMOJIb/MT OUIKYXTOJIL. HI/MIT
IHTaKTHMIT KOHTPOITB 0,274 + 0,025 159,09+ 7,19
KoHTpOIIbHa MaTorNoris 0,589 + 0,060 88,78 +4,10"
ExseMecTan 0,304 +0,034™ 137,88 6,127
Jletposon 0,270+ 0,031% 141,49 £4,62""
Anactposon 0,320+ 0,020* 134,09 + 5,547
Ipumimky: " — BiMIHHOCTI BIipOTi/Hi BIJHOCHO TBAPMH IPYITH iHTAKTHOTO

KOHTpOJIIO 3 piBHs 3HadymocTi P < 0,05, ™ — 3a pins 3Hauymocti P < 0,01;
# _ BiyMiHHOCTI BIpOTiTHI BITHOCHO TBAPHH TPYTIH KOHTPOTHHOI MATONIOTIT 32
piBns 3auymocti P < 0,05, * — 3a piswst 3nauymmocti P < 0,01.

O0roBopeHHs1

Y mpoMy (parmMeHTi HAIIOTO JOCIIPKEHHS BCTAHOBJICHO YiTKY
3BOPOTHY KOPEJIAIII0 MDK apOMAaTa3HOK aKTHUBHICTIO BiCLICPATBHOL
ME3CHTEpaIbHOI KUPOBOI TKAHHUHM (33 BMICTOM MPOIYKTY) Ta BMic-
TOM CHPOBATKOBOTO a[JUIIOHEKTHHY Y CHPIMCBKUX XOM’STYKIB Pi3HOI
crari Ta Biky. OTprMaHi JaHi TEOPETHIHO OOTPYHTOBYIOTHCS 3arajb-
HOBIZIOMMMH TIOJIOXKEHHSIMH IIOA0 METa00Mi3My CTaTeBHX TOPMOHIB
Ta X 3B’S3KOM i3 IepeOiroM pisHHX METa0ONIYHUX 3aXBOPIOBAHb, a
TAKOXK HE CyIepedyaTs JaHWM IHIIHMX JIOCIIJHUKIB, BUCBITICHIM Y
HAyKOBIH JiTeparypi.

Hwuska pmociipkeHb OIOCEpPEeNKOBaHO BKa3ye Ha JIOTIUHICTH
copMOBaHOi HAMH TIMOTE3M NPO B3aEMO3B’SI30K APOMATA3HOI aK-
THBHOCTI )KHPOBOI TKAHHHH 3 PIBHEM a/IUIOHEKTHHY. Y JOCHiDKeHH]
Tworoger et al. (2007) mokazaHo, 110 PiBeHb BUIHHOIO €CTPaIiony B
JKIHOK 13 BEpXHIM KBAPTWIHHAM IOKa3HUKOM BMICTY ILIa3MOBOIO
auIoHeKTHHY Ha 27,0% BUIIMI BITHOCHO HIDKHBOKBAPTHIIBHUX T10-
Ka3HHKIB, /IO TOTO X I1i J]aHi aconifoBaHi 3 Macoro )KMPOBOi TKAHIHA

y TIAIi€HTOK. 3aCTOCYBaHHS 3aMiCHOI FOPMOHAIBHOI Teparii mep-
OpIBHUMH TIpeMapaTtaMy eCTPAJioNy y JKIHOK MOCTMEHOIAY3HOTO
BIKy BIPOTiJHO 3MEHILYBAIO IUIA3MOBUH DIBEHb aUMOHEKTUHY
npaxtrano Ha 2 mr/i (Kunnari et al., 2008).

Hmska myOmikaniii JeMOHCTpye IMOBIpHHMII MEXaHi3M B3a€MO-
3B’SI3KYy 3HWDKCHHS PIBHS AJUIIOHEKTUHY 31 30UTBIICHHSM PH3HKY
PO3BUTKY €CTPOTCH-PELICITOPIIO3UTHBHOIO PaKy MOJIOYHOI 3aJI03H Y
JKIHOK 13 3al{BOFO Baroro Ta OMOCEPEIKOBAHO TOPKAETHCS MOKIIBOTO
BILUIMBY QJIMIIOHCKTHHY Ha 3arajibHy apOMaTH3allii0 B OpraHi3Mi 1iux
THALIEHTOK. Y IMX JOCIIHKEHHSIX BUCOKHH PIBEHb aJUIIOHEKTHHY I10-
B’S3aHUH 13 MOTIPLICHHSM Tepediry ecTporeH3anexHux (Gopm paky
MOJIOYHOI 3aJI03H, IO TAKOYK MO)KE BKa3yBaTH Ha 3aJISKHICTH PIBHS
€CTPOTCHIB BiJl BMICTY aIMIIOHEKTHHY B KpOBi. Takox Oy10 MpoaeMOH-
CTPOBAHO MO)KIMBHIA BIUIVB JIENTHHY HA apOMATH3AILIO Ta Tepedir OHKO-
JIOTTYHUX 3aXBOPIOBAHB Y xkiHOK (Nalabolu et al., 2014; Mauro et al., 2015).

I[cHYIOTB 1 IPOTHIICKHI 1aHi, 110 BKa3YIOTh Ha TIO3UTUBHUIA BIUTUB
€CTPaIioNy Ha SKCIPECIo aMIMOHEKTHHY, ayie 11l JaHi T0Ka3aHi Ju-
I1Ie Ha MPHKJIAJIi TKAHUH CKEJIETHUX M’SI3iB Y IIypiB Ta He TIOB’sI3aHi 3
LMH TIporiecamu B xupoBiii TkanuHi (Capllonch-Amer et al., 2014).
Citig 3a3HauMTH, 110 Yy JIOACH LIl TOPMOH, TEPEBAKHO, IPOLYKY-
€TBCSI TA CEKPETYETHCSI B KUPOBIM TKAHHUHI.

Huni Bxe mpoBeneH! KIiHIYHI JOCTIDKEHHS YacTKOBO HpoJe-
MOHCTpYBaJIM 3HAYYIIMH BIUTMB 3aCTOCYBAHHs IHTiOITOPIB apoMara-
31 Ha 30UIBIIEHHST PIBHS aIUIOHEKTHHY Y KIHOK HOCTMEHOIAY3HOTO
BIKYy 3 pakoM MoJouHoi 3a1o3u (Akyol et al., 2016), ane icHyrOTh Ta-
KO JIaHi 10710 BiZICyTHOCTI BiporiaHoro BBy (Pfeiler et al., 2013).
V nocnimkenHi, ne epext OyB BiICYTHIM, IPOBOIHIM KOPOTKOCTPO-
KOBE JIIKYBaHHsI, & y HALi€HTIB, sIKi POXOIMIIN OBHUI Kypc Teparil
TPHUBAJICTIO TIOHA], 6 MiCSIIIiB, CIIOCTEPIrany 30UTBIICHHS PIBHS a/IUIIO-
HekTuHy. KpiM Toro, BIUIMB NpenapaTiB Ha PiBEHb aIUIIOHEKTHHY B
YMOBax MeTabOJIIYHOTO CHHAPOMY IIe He JOCIIUKYBAIIA.

3acTocyBaHHS IHTIOITOPIB apoMaTa3y MOXKE TTIO3UTUBHO BILIHBA-
TH Ha HU3KY OKPEMHX CTaHIB — KOMIIOHEHTIB METa0O0IiYHOTO CHHII-
pomy. Kopotkoctpokose (28 1i6) DOCIiIKEHHST 3aCTOCYBAHHS JIET-
PO30ITy Ha 30POBHX YOJOBIKaX MOKa3ayIo BipOriIHe 3MEHILICHHSI [IIFOKO-
34 HaTIIecepLe Ta IHCYIIiHy B IU1a3Mi KpoBi Ha 7% 1 37% BifnoBinHO
nopiBHsiHO 3 riarie6o (Lapauw et al., 2009).

JIoBrocTpokoBe KITiHIYHE AOCIIHKEHHS I00 HASBHOCTI B3a€EMO-
3B’3Ky MDK CTpATeri€lo JIKyBaHHS paKy MOJIOYHOI 3aJI03U Ta KOH-
CTHTYIIEIO TiJIa TIOKA3aio, IO iHribiTopy apoMarasy BUKIHKAIOTH
3HaYHE 3MCHILICHHS 3arajIbHOI MacH KUPOBOI TKAHUHH MOPIBHSHO 3
CEJICKTHBHIMH MOJIYJISITOPAMH PELICTITOPIB €CTPOreHy. Y oMY J0-
CITi/DKCHHI 3HAYCHHS JIMIIIB KPOBI HE BHMIPIOBAIH, ajie JIOTIYHO
HPHUITYCTUTH, LIO AUCIIIiAeMis (CIIPOBOKOBAHA 30LIBIICHHSIM YKHUPO-
BOi MacH) Tex icrotHo 3meHiryBanacs (Van Londen et al., 2011). Kpim
TOr0 HU3Ka KJIIHIYHUX 1 JOKITIHIYHUX JIOCHIDKEHb BKa3ye Ha TIEBHHI
TIO3UTHBHUH BIUIMB iHTI0ITOPIB apoMaTasu Ha PiBeHb JIITIB y KPOB,
30KpeMa Ha TPHIJHIEPOIIH, BUIBHI XKUPHI KUCIIOTH, 3arajIbHUN XoJe-
crepon i ¥oro pizHi ¢pakuii (Markopoulos et al., 2005; Nabholtz,
2008; Zidan et al., 2010; Lytkin & Zagayko, 2017).

I xoua iCHYFOTh MPOTHIICKHI JIaHi, BAPTO BPAXOBYBATH TO (aKT,
IO iHri0iTOpY apoMaTa3u HHHI MOKa3aHi O 3aCTOCYBAHHSI JIMILEC B
OHKOJIOTIi Ta TMepeBayKHa KUTbKICTh KITHIYHUX JOCII/DKEHb POBOIH-
JIM HA TAIIEHTKaX TOCTMEHOMAY3HOTO BIKY 3 €CTPOreH3aICKHUM pa-
KOM MOJIOYHOI 3aJI03H, Y SIKMX MeTaOOJIi4Hi MPOLIECH MOXKYTh TICBHIM
YMHOM 3MIHIOBATUCS Ta BiPI3HATHCS Bif (i3i0NOriYHIX Yepe3 BIUIUB
OHKOITATOJIOr 1. BpaxoBy0UH eKCIIepiMEHTANIbHI Pe3yJIbTaTH Ta TaHi
JITEPaTypPHUX JPKEPEIT 3a3HAYKUMO, 1110 IHTIOITOPH apoMaTasu roTpedy-
I0Th JICTAIBHUX KJIHIYHUX JIOCIIDKEHD SIK (hapMaKOKOPEKTOPH 1HIIIMX
MATOJIOTIYHMX CTaHIB, 30KpeMa THX, 110 XapaKTePH3yIOThCs 3MEHIIICH-
HsIM a/IMMIOHEKTHHY Ta IUCOAIaHCOM CTaTeBUX TOpMOHIB. [lomabiii
JeTalbHI JOCIIKEHHS 1€l TPYNH MpenapaTiB MOKYTh JIOTIOMOTTH
PO3LIMPHUTH TIEpENiK iX TOKa3aHb JO 3aCTOCYBAaHHS Ta BUPIIIUTH
HU3KY KJIIHIYHUX IPOOJIeM, y TOMY YHCII 1 B €HIOKPHHOIOTTII.

BucHoBkn

3a eKCIePUMEHTAIBHOIO METa0OIIIYHOrO CHHIPOMY BiIOYBaETHCS
IOCHJICHHSI aKTHBHOCTI apOMatasH sKHPOBOI TKAHUHH Ta CIIOCTepira-
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€ThCSl HASBHICTH BHCOKOI 3BOPOTHOI KOpEJSLii MK IOKa3HUKAMU
apOMAaTa3HOi aKTUBHOCTI BICIIEPATHHOI ME3CHTEPATHHOI KUPOBOT TKA-
HHHM T4 PIBHEM CHPOBATKOBOI'O A[JUMOHEKTHHY B XOM’SUKIB Pi3HOT
crari Ta Biky. OTprMaHi pe3yJIbTaTH 3yMOBIIOIOTH TIEPCIICKTUBHICTD
TMOZAJIBIIHX TTONTHOIEHNX JOCITPKEHb Ha TIPeIMET TMOIIYKY Ta BCTa-
HOBJICHHSI CTICHM()IYHIX MEXaHI3MIB B3a€EMOPETYIIAII IOCHTIHKYBa-
HHX HOKa3HUKIB.

IIpenapatu 3 rpynu iHTIOITOPIB apoMaTasy 31aTHI BIUIMBATH Ha
nepedir eKCIepUMEHTAIBHOTO METaboIiYHOrO CHHIPOMY LUIIXOM
BIPOT1JIHOTO 3MEHILIEHHs apOMAaTa3HOI aKTUBHOCTI B KUPOBIH TKaHH-
Hi Ta BIINOBITHOTO 30UIBILICHHS] BMICTY CHPOBATKOBOTO aJUTTOHEKTH-
Hy y CHpIHCBKMX XOM’SIUKIB Pi3HOI cTati Ta BiKy. BcraHoBieHHs
3HAYHOI BHYTPIIIHBOTPYTIOBOI KOPEJIALi MK JOCTIKYBaHIMH TI0-
Ka3HUKaMH y TpyIiax, /¢ TBApUHM OTPUMYBIM HpPEHapaTH, TaKOK
TIATBEPIKYE HASBHICTD CICIM(IUYHOTO 3B’SI3KY MDK apoMaTa3HOIO
AKTUBHICTIO BICIIEPAIBHOTO XKHPY Ta PIBHEM aUIIOHEKTHHY, a TEK
TOKa3ye, 110 HA CIiBBIHOIICHHS LIHX MOKa3HHMKIB MOYKHA BILIUBATH,
3MIHIOKOYM OJIMH i3 HUX (B JIAHOMY BHIIAJIKy apoMarasHy aKTHB-
HICTb), Y TOMY YHCIIi 32 IOOMOTO0 (hapMaKOKOPEKTOPIB, 1110 MOXKEe
OyTH 3aCTOCOBAHO Y KIIHIUHIM HMPAKTULI JUTs Tepamil MeTaboiaHIX
nopyeHb. Cltizl 3a3HaYUTH, 10 HAHOUTBIIIOK aKTHBHICTIO BITHOCHO
3MCEHIIICHHSI apOMaTH3alii y KHPOBil TKAHHMHI Ta 30UTBIICHHS CHPO-
BATKOBOTO a/IUIIOHEKTHHY B YCIiX EKCIIEPUMEHTAIILHHX IPyIax BOJIO-
JB TIperapaT JIETPO30JI, BHYTPIIIHEOTPYIIOBA CHJIA KOPEIIIIHIX
3B’5I3KiB MiXK OKa3HUKAMHU TESXK OyJia HAHOLIBIIO.

OrtprMaHi JaHi TOKa3yloTh, IO iHriOITOpH apoMaTasu MOXKYTh
CTaTH NEPCIICKTHBHIMY 3ac00aMH ISl BUKOPHUCTAHHSA y CXeMax Tepa-
i MeTabOJIiYHOrO CUHIPOMY, a TOABILI KITHIYHI JOCIIPKEHHS MO-
JKyTb PO3LIMPUTH MIEPEIK MOKA3aHb 10 3aCTOCYBAHHS [IUX IPETIapaTiB.
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Germ cells of aquatic organisms are complex systems whose growth and development depends on many factors, one
of which is the composition of the aquatic environment. We used parameters in our analysis from aggregate data available
from published literature. They are data of the transmembrane potential of the germinal cells of Misgurnus fossilis
(Linnaeus, 1758) at the development stage from 180th to 360th minutes. Embryos were incubated in an environment with
nickel, cobalt, tin, and zinc ions and without them. Plotted lines of the transmembrane potential were digitized and
calibrated at intervals of 10 minutes. Rows of numerical values of the transmembrane potentials were obtained. These rows
were used for calculation of autocorrelation and cross-cross-correlation functions. It was established that the transmembrane
potential describes nonperiodic and quasi-periodic oscillations. The higher statistically significant values of the

autocorrelation coefficients were observed in the first lags. Autocorrelation analysis indicates that the periods of oscillations
of the transmembrane potential increase with the action of nickel, cobalt, tin and zinc on the germ. The phenomena and
processes that occur in the germ cell are well reflected at the initial stages of the auto-correction and are lost when the
magnitude of the lag increases. The degree of similarity of transmembrane potentials with the help of cross-correlation
analysis is quantitatively characterized. The distribution of fluctuations of cross-correlation functions with complex
dynamics, which arise with time shifts both in the forward and reverse directions, were established. It is established that for
large values of time shifts, the cross-correlation coefficient is a low-informative indicator, since information about the
influence of the factor on the living system is lost. A graph for a given time shift was constructed. The connection between
the nodes is the magnitude of the cross-correlation coefficients between the vapor of the transmembrane potentials, which
indicate the degree of similarity of the bioelectric processes. Graphs will be used for qualitative and quantitative study of
system dynamics. The obtained results confirm the existence of a close relationship between environmental nickel, cobalt,
tin, and zinc and the oscillation of transmembrane potential during early embryogenesis.

Keywords: autocorrelation; cross-correlation; lag; time series; heavy metals

AHaJII3 TPAHCMEMOPAHHOTI0 MOTEHILIATY 3aPO/KIB B’IOHA
3a JIil HIKeJII0, KOOAJIbTY, 0JI0BA TA IUHKY

I'. B. Tamux*, 3. 5. ®enopoua*, E. 1. JImukoscekuii®, /1. 1. Canarypcepkmii**

*/Ivsi6coruUll HAYIOHATLHUL MeOuyHUll YHigepcumem imeni [anuna I anuyvkoeo, Jlveis, Yrpaina
**JTvgigcbrutl HayioHanbHull yHieepcumem imeri Isana @panxa, Jlveis, Yrpaina

3apo/IKOBi KIITHHM BOJHUX OPraHi3MiB — CKJIa[HI CHCTEMH, PICT 1 PO3BUTOK SIKMX 3aJICKHTh BiJl 0araTbOX YMHHHKIB, OJHUM 3 SKUX € CKJIaj
BOJIHOTO CepeoBHINa. BxinHi mapamerpy — JiitepaTypHi JaHi TpaHCMeMOpPaHHOrO MOTEHI{Ay 3apoaKoBHX KiituH Misgurnus fossilis (Linnaeus,
1758) Ha crapii 180-360-i XBIWIMHE PO3BHUTKY, SIKi IHKYOyBalIl B CEPENOBHILI 3 i0HAMH HiKemo, KOOaIbTy, 00Ba, MUHKY Ta 6e3 Hux. I'padiku
TpaHCMeMOpaHHHX TMOTEHLIaNB nepeBesieHo y uudpoBuii Gopmar i npokBaHTOBaHO 3 iHTepBaoM 10 xB. OTpUMAHO pSIM YHMCIIOBUX 3HAYCHB
TpPaHCMEMOPaHHHUX TOTEHIIANIB, SIKi Y TMOAAIBIIOMY BHUKOPHCTAHO JUIsi OOYMCIICHHS ABTOKOPEIALIHHUX 1 KPOC-KPOCKOPEIALIHHUX (YHKIIHN.
TpaHcMeMOpaHHHMI MOTEHIIA OMKCYE HENEePIOJUYHI Ta KBa3ilepio[uyHi KOJMBAHHS. BHCOKI CTATHCTHYHO 3HAUYI[l 3HAYCHHS KOCQili€HTIB
ABTOKOPEIIALIIl CIIOCTEPiraeMo y IEepIIrX Jiarax. ABTOKOPEILIIIHII aHalli3 BKa3ye Ha Te, IO Iepioji KOIUBaHb TPAHCMEMOPAHHOTO IOTCHIHATY
301IBLIYIOTHCS 3 il HiKe0, KOOAJIbTY, 0JIOBA Ta LIMHKY Ha 3apofioK. [Iporiecy, siki BiIOYBaroThCs y 3apOAKOBIH KIIITHHI, T00pe BioOpaXKaroThes Ha
MOYATKOBHX €Talax aBTOKOPENIOrpaMH Ta BTPAYarOThCS Y pa3i 30UIbIICHHS BedW4MHH Jiara. KiJbKICHO OXapaKTepu30BaHO CTYIiHb MOAIOHOCTI
TpaHCMeMOpaHHHX TTOTEHIIIaNIB 32 JOMOMOTO0 KPOCKOPEISILIHHOTO aHaiizy. BeraHoBneHo nommpeHHs (UIyKTyariil KpocKopeIsiiiHuX (QyHKIiit 31
CKJIQ/IHOIO JIMHAMIKOIO, SIKI BUHMKAIOTh 32 YaCOBHX 3CYBIB SIK y NPSIMOMY, TaK i 3BOPOTHOMY HampsMax. 3a BEJIMKHX 3HaueHb YacOBHX 3CYBIB
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koediuieHT Kpockopersuii — ManoiHOPMATUBHUI MMOKA3HHK, OCKUIBKM BTpauyaeThcs iH(OpMalis Npo BIUIMB (DAaKTOpa HAa JKUBY CHUCTEMY.
[MToGynoBaHO KOpENALIiHI IUTeSIH UL 3aJaHKUX YaCOBUX 3CYBIB. 3B'I30K MK KOMIIOHEHTAMH IUIES]] — BENHYHHA KOS(II[iEHTIB KPOCKOPEIIAIIIT Mk
napamy TPaHCMEMOPaHHHX MOTEHINANIB, SKi BKa3yOTh HA CTYIHb MOAIOHOCTI OloeIeKTpUUHMX mporeciB. KopensiiiHi miesay y noaaibiomMy
OyIyTh 3aCTOCYBATHCh JUIsl SIKICHOTO Ta KUTBKICHOTO JIOCII/DKEHHS IUHAMIKK crcTeMd. OTpuUMaHi pe3yJbTaTH ITiTBEPDKYIOTh iCHyBaHHS TICHOTO
B3a€MO3B’ 13Ky MK HasIBHICTIO B CEpEIOBUILI iHKYOALlii 3apoIKOBUX KIIITHH y paHHBOMY eMOpioreHesi ioHiB HiKello, K0OasbTy, 0JI0Ba Ta LIMHKY Ha

BEJIIYIHY [epioy KOIMBaHb TPAHCMEMOPAHHOTO IIOTECHIATY.

Knrouosi cnoea: aBTOKOpEIIALLis; KPOCKOPEIISALIIST 3CYBH; YaCOBUIA PSIT; BAYKKI METAJIH.

Beryn

Iporec camoperyJsLii Oy/1b-s1K0i GI0IOTIYHOI CHCTEMH TIOJISTAE Y
(yHKUIOHYBaHHI B3a€MO3JICKHIX CUTHAIBHHX IIUTSIXIB, SKi MOYKHA 30~
OpasuTH SIK IO3UTHBHIMHU, TaK 1 HETaTUBHUMH 3BOPOTHUMH 3B’ SI3KAMH
(Reversade & De Robertis, 2005; Abdelalim, 2013; Huang & Zheng,
2018). 3apoaKoBI KIITHHH, SIK NPUKIAJ CKIAIHAX CUCTEM, CaMopealti-
3YIOThCS IIUBIXOM KOOPIMHOBAHOT IMHAMIYHOI €KCIIPECii COTCHb TeHIB
Ta OUIKIB, Y TOYHIN peakilii Ha JIiF0 30BHIIIHIX CUTHAIIB (TeMIieparyp-
HUI PEKUM, CKJIaJl CEPeIOBHILIA TOLIO).

OuH i3 TOJNOBHUX HAPaMETPIB, SIKHiA OrHcye (i3iooridHuii cTaH
KJIITHHY, — IIe MeMOpaHHWMI oTeHwias. Pesynbraty (izionoriyamx 1o-
CITi/HKEHb BKA3yIOTh Ha 3MiHH B PETYJLLI TPaHCMEMOPAHHOTO MOTEH-
Iiany, IO, Y CBOIO 4epry, KOHTPOJIOETECS MPOXODKEHHSIM KIITHHU
yepe3 kinitnHHNA MK (Blackiston et al., 2009; Barghouth et al., 2015).
TpaHcMeMOpaHHHIA MOTEHLIA PO3IIISIAIOTH SIK KITFOUOBUIA PETyJITOp
nposidepartii KITHH Pi3HOTO THITY, & TAKOXK MPHITYCKAIOTh, IO BiH
xoHTposoe (pazosi mepexomu G1/S ta G2/M (Blackiston et al., 2009).
Jliist 3apoaKoBHX 00’€KTIB Y Mepiofl CHHXPOHHUX MOZUTIB GracToMepiB
xapakTepHi konmmBaHHs OioenekTpuaHix (Goyda, 1993) Ta MerabomuHuX
(Abdelalim, 2013) mapameTpiB, TaKuX, SIK IIBAIKICTH TIOITIMHAHHS KHCHEO,
IIBHJIKICTH TIKOMi3Y, axTuBricTs Na K -ATPasu, Ca*'-ATPazu, kase-
TakiHa3u 1. Y 3B’s3Ky 13 UM TSI IOBHOTO YSIBIICHHS PO OCOOJIMBOCTI
KITHHHIX PUTMIB Y PaHHEOMY €MOpIOreHe3! TBAapHH IPOAHATI30BaHO
JMHAMIKy TpaHCMEMOPAHHOIO IOTEHIjaTy He JIMIIE 33 HOPMAIBHHUX
YMOB PO3BUTKY, a 1 3a 1ii ropmoHiB (Sanagursky & Goyda, 1980).

HaiirormipeHirii 3a0py/IHIOBaYi He JIALIE BOIHIX SKOCHCTEM — iOHU
BOKKMX METAJIB Ta X CMOJYK, Cepel SKUX HaifdacTillle 3ycTpiyaroTh
KOOQIIBT, HIKENb, 3a1i30, IIMHK, Mipb, kKagMiit (Gevorgyan et al., 2016;
Blewett & Leonard, 2017). Lli peqoBHHI TOKCHYHI, 0i0aKyMYITFOIOTBCS
(Jitar et al., 2015) Ta 3a/MIIAIOTECS Y JOBKULT YIIPOJOBK TPUBAIOTO
yacy (Marzan et al., 2017). Tx noxomxenns six npupome (Neta et al.,
2018), Tak i 3ymMoBIieHe aisuibHicTrO Jrouad (Gevorgyan et al., 2016).

YV BOZHHX TBAapHH raMeTH BUIBTIOTECS Y BOJY, € BiIOYBA€ThCS
3aIUTIHEHHSL. 3 JITepaTypHUX JaHHX BIOMO, IO, 3QJIKHO BiJ KOH-
LIEHTPALlji, I0H1 BaKKUX METAIIB aKyMy.TIOIOThCA Y KitiTHHaX (Boiko &
Sanagursky, 2000) i BIUIMBalOTh Ha TaMETH Ta eMOpIOHH, 3MIHIOIOYN
(iziororiuHi BIACTHBOCTI KJIITHH 1 TeHepallio moTeHmiany aii (Boiko &
Sanagursky, 2000; Gallo, 2018).

JoHM BOKKUX METAIB, HArPOMADKYIOWNCh Y KIITHHI, 3yMOBIIO-
FOTh HU3KY e(DeKTIB, SK METaOOMIYHI PO3/ad, TOKCHYHI eeKTH, 10
CIPHYHHSIOTH CTPYKTYPHI 3MiHH KIITHH, PO3BUTOK 3HAUHIX aHOMAITii
abo cmepth oprauimy (Boiko & Sanagursky, 2000; Jezierska et al., 2008;
Galyk, 2017). Baxkki MeTam BIUTMBAIOTH Ha aMILTITY/Ty KOJIHBAHb TPAHC-
MeMOPaHHOTO TIOTeHMiany 3apoaKkoBuX kiitaH (Boiko & Sanagursky,
2000) — iHAMKATOp KUTTE3AATHOCTI KIJITHHH Ta OPTaHi3My B LIIOMY.

KpuBa, 3apeecTpoBaHOIO TpaHCMEMOPAHHOTO MOTEHLATY HAa MEM-
OpaHax GracTOMepIB XapaKTepH3y€eThCs! KOMMBAILHOIO TUHAMIKOIO, J1e
TepioJ] KOYKHOTO KOJIMBAHHS 30iraeThCs B Yaci 3 MOALUIOM KIITHHH Y
niepiof] cuHXpoHHKX nosutiB (Sanagursky & Goyda, 1980). Tomy st
JIOCIT/DKEHHS 3apeeCTPOBAHOIO CUTHAJLy TPAHCMEMOPAHHOIO IOTEH-
LTy 3aCTOCOBYIOTH aHaTiTHHHi migxomy (Sanagursky & Goyda, 1980).
Po3paxyHok koedilieHTiB aBTOKOPEIALi Ta KPOCKOPEJIALi BHKOHAHO
y nparsix Sanagursky & Goyda (1980), Ivashkiv et al. (2001) i3 meroro
BCTAHOBJICHHSI TICHOTH 3B’SI3Ky MDK YaCOBHMH CIHiBBITHOIICH-HSIMU
MeTa0OTIYHIX TIOKA3HUKIB (IBHIKICTh TOTJIMHAHHS KUCHFO, IIBHI-
KiCTh TIIKOMi3y, piBeHb pH, akTHBHICTH KaseinkiHasu-2 Ta Na'/K'-
AT®a3m) Ta GIOCNEKTPHIHNX TTOKA3HHUKIB (KOCDIIEHT eIEKTPUYHOTO
3B’SI3KY Ta TPaHCMEMOpPAHHHIT MOTCHITIAN 3aPOIKOBOI KIITHHH). SIK Ha-
CITIOK 3aNpOIOHOBAHO KPHTEpil OLIHIOBAHHS JUHAMIKYM MOKAa3HHKIB
OracToMepiB y Mepiofl CHHXPOHHHX TIOIUTIB 32 HOPMAJIGHIX YMOB Ce-
pemoBuIIa Ta 3a i eKcTpeMaIbHUX YMHHUKIB (Sanagursky & Goyda,

1980; Ivashkiv et al., 2001).

BIuIHB KaTiOHIB BAKKUX METAIIIB Ha 3aPOJIKU BOAHHX OPTaHi3MiB —
aKTyaibHa npodJiemMa CyJacHol OI0MIoril He JIHIIe 3 eKOIOriYHOI, a i i3
GiodiznuHol TouKH 30py. [lopyieHHsT MexaHi3My TeHEepyBaHHS i, SIK
HACHIJIOK, BETMYMHU TPaHCMEMOPaHHOTO MOTEHIIATy y Mepio CHH-
XPOHHUX TIOJIB ONacTOMEpiB — ONMH 13 CHMITTOMIB aHOMAIBHOTO
PO3BHTKY, SIKHil MOXE BUKJIMKATH 3MEHILCHHS YHMCEIIBHOCTI BOIHHX
oprai3miB. Y 3B’S13Ky 3 LM, METa CTaTTi — OLIHUTH JUHAMIKY TPaHC-
MEMOpPAHHOTO TIOTCHINIATY 3apOJIKiB B’FOHA 3a il i0HIB HIKEITO, KO-
0asbTy, 0J10Ba, IMHKY Ta 32 HOPMATBHHUX YMOB.

Marepian i MeToau 10CTiKeHb

Bxinni mapameTpu — ntiteparypHi gaHi aBTopis (Boiko & Sanagur-
sky, 2000) mpo 3MiHM TpPaHCMEMOPAHHOTO MOTCHINATY 3apOIKOBUX
wiituH Misgurnus fossilis (Linnacus, 1758) Ha 180-360-if xBruHHI
PO3BUTKY 3a BIZICyTHOCTI Ta HAsSBHOCTI Y CEpEOBHIL iHKyOarlil i0HIB
HIKEJTI0, KOOAJIBTY, OJIOBA Ta LIUHKY.

Meromyka 0OYHCICHHsT KOpEJBLiiiHOI (yHKIIl TpaHcMeMOpaH-
HOTO TIOTEHIIiAy Y CIPOICHOMY BHIEl MOJTAE y Takild TOCIiIOB-
HocTi. [lo-mepiie, 3apeecTpoBaHy B €KCIIEPUMEHTI KPHBY TPaHCMEM-
OpaHHOTO MOTEHIiATy HEOOXiNHO IomaTé y (hopMi MOCHIOBHOCTI
upcel, SIKi BiIOOPaKAIOTh BENMYMHY CHUTHATY IOTCHIaTy ULl da-
cosoro Binpi3ky 180-360-ta xB. {1 nepeBeneHnst rpadikiB y mudpo-
BHii (hopmar Bukopuctaimu nporpamy GetData Graph Digitizer 2.26
(Ivashkiv et al., 2001).

Hacrynauit kpok BUMaraB MpOKBAaHTYBATH OTPUMaHi Pe3yJIbTaTH.
Yacrory BumipiB obpaHo 10 xB. OTpHMaHO Psiiv YMCIOBHX 3HAYCHB
TpaHCMEMOPAHHUX TTOTCHIIIANIB, K1 Y TIONAIBIIOMY BUKOPHCTAHO JUTS
OO0YHCITICHHST aBTOKOPEIALIIHNX 1 KPOC-KPOCKOPEIMINANX (DYHKIIIH.
ABTOKOpEIMILIIHMI aHANI3 TOMATac y TOPIBHSAHHI YacoBOIO DSy
BEJIMYHMH CUTHATY TpaHCMEMOPAHHOTO MOTEHIIATy i3 caMuM co0OIO,
3CYHYTHM Ha [esKHi IPOMDKOK YaCy, KUl HA3HBAEThCA JaroM. oro
HOPIBHSHHS TPOBOAIIM Ha YacOBOMY IMPOMDKKY 3 IHIIMM YacOBHM
MPOMDKKOM, SIKH BUTIEPEHKY€ a00 3aIli3HIOETHCS Y Yaci BiTHOCHO Jia-
HOTO. 3 METOI0 OTPHMAHHSI «4HCTIILON KAPTHHH TEPIOIUIHUX 3aIeHK-
HOCTeH (YCYHEHHS BIUTMBY iHIIMX 3MIiHHHX) OOYHMCITIOETHCS YaCTKOBA
ABTOKOPEJIALs YacoBoro psiay. [lix yac KpocKOpeNsIiiHOTO aHami3y
BHKOHYIOTH ITOPIBHSTHHS IBOX CUTHAJIIB TPAHCMEMOPAHHOTO ITOTEHITia-
JIy, PeECTPOBAHMX U IBOX KINTHH, y Yaci 13 3aIi3HEHHsIM 1 BUTIepe/i-
skeHHsiM curHaity (Box et al., 2013; Huang & Zheng, 2018).

Po3paxyHOK aBTOKOPEILSIHHIX, YACTKOBHX aBTOKOPEIBIIHHUX i
KPOCKOPEIBIIMHIX (pYHKIIH NPOBOIIIM 33 OMOMOIOI0 TakeTa Sta-
tistica 8.0 (StatSoft Inc., USA). JlociipKeHHs MOMSraio y KOMILIEKC-
HOMY BHBYCHHI TPaHCMEMOPAHHOTO MOTEHIIANY, SIKHil SBJISE COOO0
BHITA/IKOBHI TIPOLIEC, 1110 MA€ BIACTUBOCTI CTAIOHapHOTO. CTaTUCTIYHI
00’€KTH — YacoBi s, 3HAYCHHS B SIKHX TIOCIIIOBHO BIIOPSIKOBAHI B
yaci. ABTOKOpEIISIIISI BUCOKUX TOPSIIKIB OIHIOETHCS 32 JJOIIOMOIOIO
Q-tecty JIbtonra — bokca 3i 3HaYeHHSM HMOBIPHOCTI, 3 SIKOFO MPHiiMa-
€TBCSI TINOTE3a TPO T, IO ABTOKOPEJIALIS BIICYTHS Ha KOXKHOMY Jia3i
3a TectoM JIptonra — Bokca. JI0CTOBIpHICTh KPOCKOpEIISILIiH OLiHEHa 32
TAONMLCI0 TPaHUYHMX 3HA4YeHb KOCMILIEHTIB KOPEJLil 3a piBHS
3raunmocti P =0,05.

PesyabTatn

JlocimipKeHHsT aBTOKOPEIIIIHHNX (DYHKILIH IT'SITH 9acoBHX PSIB
TPaHCMEMOPaHHUX MOTCHITIAIB VTSI 33POJIKIB B’FOHA Y TIEPIOJT PAHHBO-
TO eMOpIOHAIBHOTO PO3BHTKY, SIKi IHKyOYBAIM B CEPEIOBHILI 3 iOHAMH
HIKEJTI0, KOOAIBTY, 0JIOBA Ta LIMHKY Ta 0€3 HHX, BISIBIJIO JIard, Ha SIKHX
3Ha4eHHs1 KOE(illiEHTIB aBTOKOPEIIALIT BUXOIWIH 33 MEXi JIOBIPYOro
iHTepBaTy. [T 9acoBOro psiay TpaHCMEMOPaHHOTO TMOTEHIUATY 3a-
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POZIKIB, IHKyOOBaHHX Y CEpEIOBHIL Oe3 iOHIB BaYKKIX METaIB Ha Iep-
momy Jiasi (190-ta xB) koeiLieHT aBTOKOpeIIsLil HabyB MaKCUMalIb-
Horo 3HaueHrst r = 0,74 Ha piBHi 3Hauymocti P = 0,002. ABrokope-
JISLIAHKA 3B’S130K TMO3WTHBHUM, CHJIBHHH 1 TIOCMIZIOBHMIA y Jlarax Bix
rieproro o vereptui (tepiox 30 xB: 13 190-i mo 220-ty xB) (puc. la),
Ta HeTaTHBHUH, cabkuii y narax i3 10-ro mo 15-i1 (mepiox i3 280-i mo
330-ty xB) 1 BificyTHIH y Jlarax i3 5-ro 1o 8-if (epioz 30 xa: 13 230-i o
260-Ty XB), OCKUIBKM 3HAYCHHS KOPEJLLi OCIIUTOIOTH OIFBBKO HYJBL
Bemuriy aBTOKOpeIHLIHNX (QYHKIIH BUXOIATH 38 MEXIi IOBIPYOTO
IHTepBaTy B JIarax 3 epuioro o tpeti (nepiox 20 xa: i3 190-i mo 210-
Ty xB) i 3 10-ro no 15-it nmar (mepion 50 x8: i3 280-i mo 330-1y XB).
KoedimieHTr aBTOKOpESILil MUIABHO 3MIHIOIOTh 3HAK i3 MO3UTUBHOIO
Ha HEeraTWBHUH y 1moctoMy j1asi (240 xB). KoedimieHT yacTkoBOi aBTO-
KOpEJIALIii BUXOAUTB 32 MEXKIi JIOBIpYOro iHTEpBaly Ha HEpLIOMY Jiasi
(190 xB) 1 HabMpae MakcUMabHOTO 3Ha4YeHHs (0,736 Ha PIBHI 3HAUYIIO-
cri P = 0,0002 (puc. 16). Taxuit pe3ynbraT BKazye Ha KOPEIBIIIO
Janux, BiyaneHnx Ha 10 xs. KonmBanHs mKOBUX 3HaYEHEL YaCTKOBOL
ABTOKOPEILITIHOT (DYHKIIT BiIOYBAIOTHCS TIEPIOIMYHO 3 TPETHOTO 10
omuHaqusTHii Jarn (riepion 80 xB: i3 210-1 mo 290-1y XB), 3a iHIIHX
3HA4YeHb YaCOBMX 3CYBIB KOJIMBaHHS YacTKOBOI aBTOKOPEISLIHHOL
(byHKLIi — anepiomrdHi.

ABToKOpersLiiHa QyHKIN

Jlar  Kop. C1IIC Q P
1 +736 ,1994 13,63 ,0002
2 +498 ,1946 20,18 ,0000
3 4429 ,1897 2531 ,0000
4 4347 1846 [ 28,85 ,0000
5 4112 ,1794 ] 29,24 ,0000
6 -097 1741 (] 29,55 ,0000
7 076 1685 u 29,75 ,0001
8 -109 1628 N 30,20 ,0002
9 -276 1569 33,30 ,0001
10 -390 ,1508 40,00 ,0000
1 =332 1443 45,30 ,0000
12 -306 1376 50,24 ,0000
13 -368 ,1306 58,19 ,0000
14 -370 1231 67,24 ,0000
15 -268 1151 72,65 ,0000
16 -149 1066 [ 74,61 0000
17 4119 ,0973 | 76,10 ,0000
18 -019 ,0870 i 76,15 ,0000
0 0
-1,0 0,5 0,0 0,5 1,0

YacTkoBa aBTOKOpEJSILiHHA (HYHKIIIS

Jar  Kop. CilIC
1 4736 2132 |
2 -095 2132 |
30 +215 2132 ]
4 -074 2132 L]

50 324 2132 .
6 154 2132 e
7 +225 2132 [
8 156 2132 [
9 184 2132 [

10 113 2132 =
11 4026 2132 I
12 -080 2132 =
13 +001 2132 |
14 080 2132 O
15 -053 2132 O
16 +116 2132 EI
17 +026 2132 0
18 +114 2132 |

0
0,0 0,5 1,0

-1,0 -0,5
o

Puc. 1. I'padixu aBTOKOpEIIALIHOT (@) Ta YaCTKOBOI KOPEIISIIHHOL
(yHKIIii (6) 111 9aCOBOTO Psily TPAHCMEMOPAHHOTO MOTCHIIATY:
JIOBIpUMii iHTEpBaI IOKAa3aHO YOPHOKO JIHIEI0

JUist 4acoBoro psiay TpaHCMEMOPAHHOTO MOTEHIIiATy, PeECTpoBa-
HOTO Ha 3apOofIKax B’IOHA, IHKYOOBAHHX y CEpEIOBHILI 3 HiKeJleM, MaK-
CHMaJIbHE 3HAa4eHHsI Koe(illieHTa aBTOKOPEIIALI 3HAYYINE Ta BiAIOBI-
nmae mepaiomy Jary (190-ta xB) i cranoButh r = 0,85 Ha piBHI
3Hauymocti P < 0,001, oo Bkasye Ha CHITBHUN KOPEITSIIIHMIA 3B SI30K 1
HAsBHICT JIHIAHOTO TpeHOy (puc 2a). ABTOKOpEISIliiHA (yHKIiS
TO3UTHBHA JIOCTOBIPHA B JIarax i3 Mepiioro mo Tpetii (repiox 20 xB: i3
190-i o 210-Ty XB) Ta HeratMBHa JOCTOBIpHA y Jarax 13—18 (mepiox
50 xB: i3 310-i mo 360-Ty xB). ABTOKOpESILiiiHa (YHKLIsI OBLUIEHO
3MEHIIYEThCS 3i 30UIbLICHHAM Jiara. Y 3MillleHHi, IO BIATOBiIae
moctoMy Jiary (240 xB), Kopernorpama 3MiHIOE 3HAK HA HETaTWBHUIM,
aBTOKOpeILIisl mpakTtiaHo BincytHa r = —0,024 3a P < 0,001.
Jloci/DKEHHST YaCTKOBOI aBTOKOPEILIAHOT (DYHKIIT BHSBWIO, IO
JIAIIE JUTSL TISPILIOTO JIara 3HaueHHs KoeilieHTa KOpersiiii BUXOMTh

3a J1oBipumit iHTepBai i cranoButs 0,853 (P < 0,001). 3 nepruoro mo
TpuHaausThi Jar (nepiox 100 xB: i3 190-i mo 310-Ty xB) criocrepira-
OTBCS! MIEPIOINYHI KOJMBAHHS YaCTKOBOI aBTOKOPEILILIHHOT (yHKIIii 3
nepiooM KonuBanb 60 XB (prc. 26), 4Oro He criocTepiram Ha rpadiky
ABTOKOpEIALiiHOT (pyHKIi (pHc. 2a).

AsTOKOpertiiiHa QyHKIs

Jlar  Kop. CrCIT Q P
1 +853 ,1994 18,27 ,0000
2 4,688 ,1946 30,76 ,0000
3 4479 ,1897 37,15 ,0000
4 4308 1846 ] 39,94 ,0000
5 H112,1794 [ ] 40,33 ,0000
6 -024 1741 ] 40,35 ,0000
7 -088 1685 u 40,62 ,0000
8 4120 ,1628 [ 41,16 ,0000
9 -157 ,1569 = 42,16 ,0000
10 -182 ,1508 ] 43,63 ,0000
11 -212 1443 (| 45,79 ,0000
12 -242 1376 [ 48,89 ,0000
13 -250 ,1306 52,55 ,0000
14 -252 1231 56,73 ,0000
15 -285 1151 62,85 ,0000
16 -289 1066 70,19 ,0000
17 -258 0973 77,22 ,0000
18 -202 ,0870 82,60 ,0000
0 0
-1,0 0,5 0,0 0,5 1,0
a
YacTkoBa aBTOKOpeIsILiiHA (YHKILis
Jlar  Kop. CilIC
1 +853 2132 |
2 4143 2132 ||
30 -257 2132 ]
4 4015 2132 I
5 -221 2132 .
6 +041 2132 [
7 173 2132 .
8 -082 2132 ]
9 142 2132 (]
10 -028 2132 i
1 -132 2132 /=
12 -050 2132 O
13 4125 2132 [
14 -085 2132 O
15 -270 2132 T
16 +090 2132 O
17 +076 2132 ]
18 -028 2132 0
0
6 -1,0 0,5 0,0 0,5 1,0

Puc. 2. I'padixu aBTOKOPEIALIIIHOI (@) Ta 9aCTKOBOT KOPETALIHHOL
(yHKi{ (0) W1t 9aCOBOTO PSITY TPAHCMEMOPAHHOTO MOTEHIIIATTY
(cepemoBuIIe 1HKYOAIIIT 3apOJIKIB B’FOHA MICTHTB HIKEIIb):
JIOBIpUMIi IHTEepBaJI OKAa3aHO YOPHOIO JIHIEI0

MaKCHMAITBHOTO 3HAYCHHS aBTOKOPEIIALIiHA (DYHKIIIS, pO3paxoBa-
Ha JUIS YacOBOIO PsiTy TPaHCMEOPaHHOTO MOTEHLIiATY, PEECTPOBAHOIO
U 33pOJIKIB B’IOHA Yy CEPEIOBHILI iHKyOalii 3 iOHaMH KOOAIBTY,
Habupae y nepriomy Jasi (190 xB) i cranoButs 1 = 0,863 (P < 0,001,
puc. 3a). Taxuii pe3yabTar BKa3ye Ha CHIIGHUI KOPEJILIHHII 3B’ 30K.
ABTOKOpeSIiiHa (QYHKIIIS s JAHOTO YacOBOTO PSLY XapaKTepusy-
€TBCs TIOBUTHHUM 3aTyXaHHsIM 3i 3POCTAHHSM BEJIMYHHH Jiara Ta 3Mi-
HIOE 3HAK HA BI'EMHHI Y pasi 3CYBY, IO BIIOBIIa€ CHOMOMY Jiary
(250 xB). ABTOKOpEJIALIS IPAKTHYHO BiICYTHS Ta KOJIMBAETHCS OO~
3y Hymst 3 7-ro mo 10-i mar (mepion 30 xB: i3 250~ mo 280-Ty XB).
3HaueHHs aBTOKOPEILILINHOT (DYHKII BUXOMITH 32 MEXi OBIiPYOro
iHTepBaTy 3 meporo 1o gerseptui (mepion 30 xa: 31 190-i mo 220-Ty
xB) 1 3 12-ro mo 18-it nar (mepiog 60 xB: 3 300 mo 360-Ty xB).
UactkoBa aBTOKOpErsiIist y neproMy sasi (190 xB) nmocsrae macu-
MabHOTO 3HaveHHs, cranoButh 0,863 (P < 0,001) Ta BHXOmHTH 3a
MeKi IoBipYOro iHTepBaity (puc. 36). JlociiHKeHHs 4aCTKOBOT aBTOKO-
PperALiiHOI (hyHKITT BUSBIUIH NEPIOIMYHI KOMMBaHHS 3 3-T0 1o 13-if nar
(mepioz 100 xB: i3 210- o 310-1y xB) i3 nepiofoM konmBaHb S0 XB.

JU1st 4acoBOro psisty BEMYMH TPAHCMEMOPAHHOTO HMOTCHLIiATY 3a-
POZIKIB B’TOHA, iHKYOOBAHKX Y CEPEIOBHILI 3 OJIOBOM, aBTOKOPEIISILIiH-
Ha (QYHKUIS XapaKTepU3yeThCsl 3aTyXalouMMH KOJNMBAHHAMU Y pasi
30UTBIICHHS KUTBKOCTI JIariB (puc. 4a). ABTOKOpEIIALIiiHA (yHKITiS 3Mi-
HIOE 3HaK Ha NPOTHISKHAH Ha 7-My J1asi (250 XB), BemarHa Koedirti-
€HTa aBTOKOpersii 1 = 0. MakcHMabHi 3Ha4eHHsT KOe(illieHTIB aBTo-
Kopeywstii Ha repiiomy Jsiasi r; = 0,885 (P < 0,001) Ta y apyromy siasi r, =
0,738 (P < 0,001) mixTBEpHKYIOTH HASBHICTD TPEH/TY. 3HAUCHHS Koedi-
LIEHTIB aBTOKOPEISLINHOT (YHKIIi BUXOIATH 32 MEXi JOBIPYOro iH-
TepBaily 3 MepLIOro no uerBepruii jiar (nepiox 30 xB: 190-220-ta xB)
Ta 3 11-ro mo 18-i1 nar (mepiox 70 xB: 290-360-ta xB). HasBHicTb J1i-
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HIAHOTO TPEeH/Ty MiATBEPIDKYE TAKOXK YaCTKOBA aBTOKOpEIIIIiiHA (hyH-
KIIisI, MAKCHMAJTbHE 3HAUCHHSI SIKOT JIsl TIEPIIIOTO Jiara CTaHoBUTH 0,885
(P <0,001) Ta BUXOmMTH 32 MEXI JOBIpUOro iHTEpBaTY (pHIC. 36).

ABTOKOpesLiiHa QyHKIT

Jlar  Kop. CilIC Q P
1 +3863 ,1994 18,71 ,0000
2 4,688 ,1946 31,21 ,0000
3 +,567 ,1897 40,14 ,0000
4 +422 1846 4535 ,0000
5 +259 ,1794 . 47,43 ,0000
6 +122 ,1741 ] 47,92 ,0000
7 +014 ,1685 47,93 0000
8 -042 1628 1] 48,00 ,0000
9 -075 1569 N 48,22 ,0000
10 -158 1508 [ 49,32 ,0000
11 -246 1443 52,23 ,0000
12 -298 1376 56,91 ,0000
13 -311 ,1306 62,58 ,0000
14 -364 ,1231 71,35 ,0000
15 -416 1151 84,41 ,0000
16 -420 1066 99,90 ,0000
17 =375 0973 114,7 ,0000
18 -302 ,0870 ! 126,8 ,0000
0 0
-1,0 05 0,0 0,5 1,0
a
YacTkoBa aBTOKOpesLiiiHa GyHKIist
Jlar  Kop. CilIC
1 4863 2132 |
2 220 2132 .
3 4135 2132 ]
4 248 2132 ]
5 -084 2132 B
6 -060 2132 L]
7 -027 2132 ]
8 +130 2132 [
9 -044 2132 B
10 -254 2132
1 =091 2132 |
12 -078 2132 [
13 4123 2132 [
14 -247 2132
15 +015 2132 I
16 -055 2132 O
17 +087 2132 O
18 +081 2132 O
0
6 -1,0 0,5 0,0 0,5 1,0

Puc. 3. I'padixu aBTOKOpEIIALiITHOT (@) Ta YaCTKOBOI KOPEIISIIHHOL
(yHKIii (6) 1151 YACOBOTO PSTY TPAHCMEMOPAHHOTO MOTCHITATY
(cepenoBuiLe iHKYOaLIii 3apOKIB B'FOHA MICTUTh KOOQJIBT):
JIOBIpUMii iHTEpBaI [IOKA3aHO YOPHOKO JIHIEI0

ABTOKOpeJIsLiitHa QyHKIiST

Jlar  Kop. CilIC Q P
1 +885 ,1994 19,69 ,0000
2 4738 ,1946 34,07 ,0000
3 4,620 ,1897 44,74 0000
4 HA470 1846 51,23 ,0000
5 4318 ,1794 ] 54,37 ,0000
6 +166 ,1741 ] 55,28 ,0000
7000 1685 55,28 ,0000
8 -114 1628 [ 55,77 ,0000
9 191 ,1569 [ 57,26 ,0000
10 -284 1508 60,81 ,0000
11 -386 1443 67,96 0000
12 -439 1376 78,14 0000
13 -436 1306 89,28 0000
14 425 1231 101,2,0000
15 395 1151 113,0 ,0000
16 329 ,1066 122,5 ,0000
17 -272 0973 130,3 0,000
18 -,190 ,0870 135,1 0,000
0 0
a -1,0 0,5 0,0 05 1,0
YacTkoBa aBTOKOpeLiiiHa GyHKIist
Jlar  Kop. CilIC
1 +885 2132 |
2 209 2132 [ |
34071 2132 |
4 -264 2132 [
5 -042 2132 ]
6 175 2132 I
7 -165 2132 ]
8 +120 2132 ]
9 -041 2132 o)
10 -135 2132 (]
11 -213 2132 [
12 +073 2132 ]
13 +102 2132 =
14 -095 2132 =
15 +062 2132 O
16 +084 2132 ]
17 -116 2132 —
18 +047 2132 0
0
6 -1,0 0.5 0,0 0,5 1,0

Puc. 4. I'padixn aBTOKOpEISIIHHOI (@) Ta YaCTKOBOI KOPEISIIHHOL
(yHKIii (6) 151 YaCOBOTO PSTY TPAHCMEMOPAHHOTO MOTCHITATY
(cepenoBuile iHKyOaIIii 3apOJIKiB B’FOHA MICTHTB OJIOBO):
JIOBIpUMii iHTEpBaI [IOKAa3aHO YOPHOKO JIHIEI0
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ABTOKpOpeITsLiiiHa (YHKIIS, 00UKCIICHA TSl TPAHCMEMOPAHHOTO
HOTEHLIITY 3apOJIKIB, IHKyOOBaHMX y CEpPelOBHIII i3 IIMHKOM, Pi3KO
3HWKYETBCS 31 3pOCTAHHSM KUTBKOCTI JIariB, KOJIMBAETHCS OJIM3bKO HY-
JIs1 Ta HE BUXOJIMTH 32 MEXI JIOBIpUoro iHtepBaiy (puc. 5a) 3 2-ro 1o
18-i1 mar (mepiox 180 xB: 3 200-i mo 360-i xB). MakcHManbHe 3HAYCHHS
KoeillieHTa aBTOKOpPEJIALIi BiMOBIAE MEPIIOMY Jiary, 3HadyIle Ta
cradoButh 1 = 0,611 (P = 0,002), mo BiMMOBiTac OMITHII CHIIBHII
MIUIBHOCTI 3B’s13Ky. Ilim Wac 3pocTaHHS KUTBKOCTI JIAriB 3HAYCHHHS
KoeiLlieHTIB aBTOKOpeIsiLii 3MeHIIyoThesl. KoedilieHTn yacTkoBol
ABTOKOPEJISII 3HAYYII JUISI TIEPIIOro Ta YETBEPTOro JiariB. Taki pe-
3yJIBTATH BKa3yIOTh Ha KOPEJBILIIO JaHKX, 3Mimennx Ha 10 Ta 40 xB.

ABTOKOpesiiiitna QyHKIs

Jlar  Kop. Cillc Q P

1 +611 ,1994 9,39 ,0022
2 4255 ,1946 | 11,11 ,0039
3 4,128 ,1897 [ 11,56 ,0090
4 -175 1846 L 12,46 0143
5 -281 ,1794 ] 14,90 ,0108
6 -097 1741 ] 1522 ,0187
7 -050 L1685 ] 15,30 ,0323
8 -063 ,1628 ] 15,45 ,0509
9 4,021 ,1569 1 15,47 ,0788
10 +012 ,1508 | 1548 1157
1 -077 1443 1] 15,76 ,1503
12 162 ,1376 = 17,14 1443
13 194 ,1306 = 19,35 1127
14 175 ,1231 = 21,38 ,0923
15 119 1151 O 22,45 ,0967
16 -,046 ,1066 0 22,63 ,1240
17 -022 0973 i 22,69 ,1599
18 -,034 0870 0 22,83 1971

0 0
-1,0 05 0,0 0,5 1,0

YacTkoBa aBTOKOpeIsIiiHa QYHKITisL
Jlar  Kop. CilIC
1 611 2132
2 189 2132
34097 2132
4 440 2132
5 +136 2132
6

7

8

+,128 2132
042 2132
-099 2132

9 -019 2132

10 +013 2132

11 -048 2132

12 -231 2132

13 -004 2132

14 4,020 2132

15 +033 2132

16 -100 ,2132
17 -134 2132
18 +,000 ,2132
0
6 -1,0 -0,5 0,0 0,5 1,0

Puc. 5. I'padixu aBTOKOpEIALIIHOI (@) Ta YACTKOBOI KOPEIISIIHHOL
(yHKil (0) W1t 4aCOBOTO PSITY TPAHCMEMOPAHHOTO IIOTEHIIIATTY
(cepenoBuinie iHKyOaIlil 3apOIKIB B’FOHA MICTUTh [IMHK):
JIOBIpUMI IHTEpBaJI OKAa3aHO YOPHOIO JIHIEI0

P-3HaueHHs1 Ha BCIX Jlarax aBTOKOPEIBILIHHIK (yHKIIH, OKpiM Ta-
KO /ISl 4aCOBOTO Psiy TPAHCMEMOPAHHOIO MOTEHIATY 3apOIKIB, iH-
KyOOBAaHMX y CEPEIOBHIL i3 LIMHKOM, MEHIIE 32 PIiBEHb 3HAUYMMOCTL
0,1%, Tomy 3a TectoM JIbroHra — BoKca BiIXWIISETBCA TIMOTE3a TIPO
BIJICYTHICTb cepiiiHOI Kopesiiil Ha BCix jarax. OmKke, aHi JOCHimKy-
BAHMX YaCOBHX PSYIB — HE BHIIA/IKOBI CTOXaCTUYHI KOJIMBAHHS. [yt BCix
ITSITH BUIAJIKIB MA€ MiCIie aBTOKOPEIISIITiS TIEPIIOro mopsiaky. OCKib-
KU HOPSIIKH aBTOKOPEISILT MDK 3HAYEHHSIMH TPaHCMEMOPaHHOTO I10-
TEHIiaTy OIHAKOBI, KOXKHE HACTYIIHE 3HAYCHHS] MEMOPaHHOTO MOTeH-
LTy 3QIeKHUTH BiJI MOMEPEIHBOr0, TeHepoBaHoro Ha 10 XB paHilrre.
s BumagKy 3 yMiCTOM i0HIB IIMHKY Y CEPEIOBHILI iHKyOaii st 3a-
POIKOBHX 00’€KTIB 3HAYCHHS TPAHCMEMOPAHHOTO MOTCHIAY 3aiie-
JKUTB Bt TIOTepeHiX, reHepoBaHuX Ha 10 Ta 40 XB paHime.

Kpockopersmiiiamii aHati3 IecSTH YacOBUX PSUIiB CHTHAIB, IO
BI/IMOBIIAIOTh TPAHCMEMOPAHHKMM TIOTEHITIAIAM €MOPIOHATBHUX KITi-
THH, SIKI IHKyOYBaJIM y PI3HHX CEPEIOBHILAX, BUSBUB allepioIIiHi KO-
JIMBAHHSI KPOCKOPEIILIMHMX (YHKIIH 3i 3MI[EHUMH BiTHOCHO HY-
noBoro Jsara (180-Ta XB) MaKCHMaIbHAMK 3HAYEHHSAMH KPOCKOPEIIsi-
i SIK y IPAMOMY, TaK 1 y 3BOPOTHOMY HarpsiMax (puc. 6). Buxostiu 3
Bi3yaJIbHOTO TPa(igHOro aHajli3y, BCl TUMYACOBI PSIH SBHO HECTAIIio-
HapHI. I3 rpadikiB KPOCKOpEISIIHHNX (hyHKIIIH BHIHO HE3HAYHI KOJIH-
BaHHSI KOS(IIIEHTIB KOPEAIi, XapakTep MepioJIHIX KOJMBAHb HE
BHUPaKCHUH. Y 1IbOMY BHIAJIKy JBa CHTHAIM TPAHCMEMOPAHHOTO II0-
TEHIiaJly MaloTh BEJIMKY CXOXICTb 32 PaXyHOK HEPUTMIYHMX KOJH-
BaHb. Harpukmia, pisHHUIIS B CHITI KOPEIBSIIT MK TpaHCMEMOPaHHUMH
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TOTEHIIIA/IAMH, BUMIPSHAMH JISI 3aPOJIKIB, IHKYOOBAHHX Y CEPEIOBHIII
0e3 10HIB HIKeITI0, KOOAIBTY, 0JI0Ba, IIMHKY Ta 32 iX HASBHOCTI, BKA3ye
Ha BIUIMB IOHIB B&KKHX METAIB HA 3arajibHy KOPEILSILIIO CHUTHAJIB.
e urcrio Moke OyTH sIK IO3UTHBHUM, TaK i HeraTBHUM (puc. 6a) B
000X HarpsiMax.

BzaeMOBIUMB JBOX CHTHANIB — TPAaHCMEMOPAHHHX MOTEHIUATIB,
BUMIDSIHHX TSI 3apOJIKOBHX KJIITHH, IHKYOOBaHHX Y CEpEIOBUIIAX 0e3
Ta 3a Aii Hikemro (pHC. 6a), XapaKTepU3YEThCs IO3UTUBHOIO KPOCKOpe-
JISITIERO, SIKA TIOIMPIOETHCS 31 3MilieHHs MU B —1 10 12-ro nara. Mak-
CHMaJbHE JOCTOBIPHE 3HAYEHHS KPOCKOPEILILINHOI (DYHKILT BifIOBi-
nae 3cyBy 40 xB (r = 0,65, P = 0,05). JocToBipHi 3Ha4YeHHs KoediLlieH-
TiB KPOCKOPEJIALIiT peecTpyroThCs 3a 3CyBIB 2—7.

KpuBa xopenmsiiifHnx (yHKIIH TpaHCMEeMOpaHHUX MOTEHINATIB,
BUMIPSIHHX IS 3apOJKOBHX KJIITHH, IHKYOOBAaHHX Y CEpeIOBUIIaX 0e3
1 3a zii KoGaBTy (pHC. 6a) XapaKTepPH3Y€eThCs! IO3UTHBHOIO KPOCKOpe-
JISIIETO, SIKA BUXOAWTH 32 MEXKI JIOBIPYOTO IHTEPBATY 3i 3MIIICHHIMH
nara 06 (mepion 60 xB: Bizx 180-i 1o 240-1 XxB). MakcUMabHE 3HAUCH-
Hs1 KoedilienTa kpockopersiii cranoButh r = 0,68 (P = 0,05 Ha
niepuromy Jiasi). Kpockopersityist TpaHcMeMOpaHHHX MOTEHIIIAIB, BU-
MIPSIHUX [UTS1 3apOJIKOBHX KJIITHH, IHKYOOBaHHX Yy cepeoBuIax Oe3 i
3a [iii onoBa (puc. 6a), XapaKTepU3yEThCS TO3UTHBHIMH 3HAYCHHSIML,
SIKI BIIIOBINAIOTH 3cyBaM Big —4 10 9. MaKcHManbHOrO 3Ha9CHHS
Kpockopersiiyist HaOyBae 3a 3cyBiB Ha 10 xB (r = 0,77; P = 0,05).
3HaueHHsT KoeiIlieHTIB KPOCKOPEIIALi BUXOIATH 38 MEXi JOBIPUOTO
IHTEpBaJTy 3a 3MIllIeHb Y Me)kax Bijl —1-ro 10 5-ro jara.

B3aeMOBIUIMB TpaHCMEMOpPAHHOIO MOTEHIIATY, BUMIPSHOIO Ha
eMOpIOHaIBHII KITITHH, 32 HOPMAIBHUX YMOB iHKyOALil Ta 3a HasiBHO-
CTi B iHKyOALiiIHOMY CEepeIOBHILI i0HIB LIMHKY (PHC. 6ct), XapaKTepH3y-
€TBCSI KOJIMBAIGHOO MHAMIKOO 3 TIOSUTHUBHUMH 3HAYCHHSMH KPOCKOPE-
TSIIIHHAX (QYHKIIH, [0 BiATIOBIAAIOTE 3MIIIEHHM Y jarax —17—15 Tta
—1-12. MakcumarbHe IOCTOBIpHE 3HAUCHHS KOe(ilieHTa KPOCKOPEIIst-
1 craHoBuTS I = 0,42 Ha piHi 3Hadymmocti P = 0,05 3a 3cyBy Ha 30 xB
(mar 3). 3HaueHHS KPOCKOPEILIHHOT (DYHKINI HE BHXOMISTH 32 MEXKi
JIOBIPYOrO IHTEPBATY.

ITix yac JOCITiHKEHHS B3aEMOBILTHBY CHTHATIB TPAHCMEMOPaHHUX
TOTEHLIIAJTIB, 3aPeECTPOBAHIX 3a iHKyOallii eMOpIOHIB Y cepeIoBHILax
13 HiKeseM 1 K0OaIBTOM, KPOCKOPEIISLIiHI (DYHKIIT XapaKTepr3yoThCs
TO3UTHBHIMH 3HAYECHHSMU B MEKaX YacOBUX 3CYBIB, IO BiIIOBia-
0T JlaraM Bin —9-ro 1o 5-ro (puc. 60). MakcuMaibHe TO3UTHBHE
3Ha4YeHHsT KoedillieHTa KPOCKOPEIIALIi Bi/IOBIA€ HYJILOBOMY JIary Ta
cranoButh 1 = 0,88 (P = 0,05). 3HaueHHsT KpOCKOPEILIIHHIX (yHKIIIH
BHXOJIATH 32 MEXKi IOBIPUOTO IHTEPBATY TIPH 3CYBaBax Bii—4-10 J10 2-T0.

Kpockopersiijiiina (yHKLisT B3a€MOBIUIMBY CHTHANIIB TPAHCMEM-
OpaHHMX MOTEHIIiaJTiB, 3aPEeECTPOBAHKX 3a IHKyOallil eMOpIOHIB y cepe-
JIOBHUIIAX i3 HIKEJIEM 1 OJIOBOM, XapaKTepPU3yEThCs KOMMBHOO IMHAMI-
KOI0. 3Ha4eHH: KOe(il€HTIB KPOCKOPEISALIil BIXOJIITH 32 MEXi JIOBIp-
4Oro iHTEpBaIy, IO BiIOBIAAIOTE JIaraM Bix —9-ro 110 4-ro (puc. 60).
MakCHMAaJIBHOTO TIO3UTHBHOTO 3HAYCHHs! KPOCKOpEISLlisi HaOyBae y
pasi 3mitenns y 30 xB Hazaz (Jiar —3) Ta craHoButh r = 0,84; P = 0,05.
JlocTOBipHI 3Ha4YeHHS KPOCKOPENSUIHHMX (yHKUIH nepeOyBaroTh y
MEsKax 3MIILeHb Bl —6-T0 1o 1-H Jar.

AHaITi3 B3aEMOBIUTUBY CUTHAJIB TPAHCMEMOPaHHHX IMOTEHIIAIB,
3apeECTPOBAHIX 32 IHKyOALll eMOPIOHIB y CEPENOBHILAX i3 HIiKeNeM i
LIMHKOM, XapaKTePH3YIOThCS KOIMBAIBHOIO IMHAMIKOIO 3 TIO3UTHUBHH-
MH 3HAYEHHSMH B MEKaX YaCOBHX 3CYBIB, IO BiITIOBIAIOTH JIaraM i3
—4 1o 5-ro (puc. 66). MakcUMAaTFHOTO TIO3UTHBHOTO 3Ha4YeHHS Koedi-
LIEHT KpOCKopersiiii Habupae 3a 3cyBy 10 xB Hazarx (Jiar —1) 1 nopis-
nroe 0,73 (P = 0,05). Kpockopersiiiina (yHKis He BUXOIUTH 32 MEX1
JIOBIPUOr0 IHTEpBaITY 3a 3CYBIB Bif —2 110 1-T0.

CriBCTaBlIGHHSI CHTHAMIB, 3apPEECTPOBAHHX ISl eMOPIOHATBHUX
KIIITHH, 1HKYOOBaHHX Y CEPEIOBHILAX i3 KOOAIBTOM i OJIOBOM IIOKa3a-
JI0, MO KPOCKOpEILiiHa (yHKIIS HAaOMpae MO3UTHBHUX 3HAYCHb Y
MeKax Bif —8 10 6-1o nara (puc. 66). I'padik KpockopessmiiHol (pyHK-
LIl XapaKTepH3y€eThCs KOIMBAHHAMH 3 MAKCHMAIBHOK aMILTTY/IOK B
HyJI5OBOMY J1azi, sika cranoButh 0,87 (P = 0,05). JlocToBipHi 3Ha4YCHHS
KPOCKOPEIISIIiHHOT (DYHKIIIT He BUXOIATH 32 MEXi JIOBIPUYOTO iHTEPBATY
B MeXax Bif—5 /10 2-To yara.

Kpockopersiuiiiai  GyHKiii, oTpuMaHi Iyl TpaHCMEMOPaHHOrO
TMOTEHIIIATy 3apOJIKIB, IHKYOOBAHMX y CEPENOBHILAX i3 KOOATBTOM i

LMHKOM, XapaKTePH3yOThCS KOJMBAHHSIMH, 3 MAKCHMATHHOI aMILTi-
Tynoro koeoirtierta kpockoperiii 0,60 (P = 0,05) y HymsoBOMY Jiasi
(puc. 66). [To3uTHBHI 3HA4CHHST KPOCKOPEIBILiHHOT (hyHKIT repeOyBa-
I0Th Y MeXax 3MillleHb, 110 Bi/OBIAIOTH 3cyBaM Bin —3 0 11-ro.
JocToBipHI 3HaueHHS KPOCKOPEISIIIHOI (DYHKIL pO3MIILICHI CHMET-
PUYHO B MaKCHMAJBHOTO 3HAYeHHs Koe(illieHTa KPOCKOPEISIl y
Jarax Big—2 10 2-ro.

JItst TpaHCMEMOPaHHOT O TIOTEHIIATY, BUMIPSIHOTO Ha 3apOJIKaX B'I0-
Ha 3a iHKyOamii B CepeloBHINAX OJioBAa Ta IMHKY, PO3PaxOBaHA
KpOCKOpeIIsILiliHa (yHKIIis, JOCTOBIPHI 3HAUEHH SIKOI 11epeOyBatoTh Y
Mexkax Bix 1 1o 5-ro nara (puc. 66). BisyanbHo KprBa Xapakrepu3sy-
€ThCS KOJIMBAHHSIM, SIKE TIPUITAJIAE HA BiJl'€MHE 3HA4YCHHS 3cyBy. Mak-
CHMaJIbHA aMILTITYIa KOJIMBAHHS KPOCKOpEILIHHOT (hyHKIii mpwra-
nae Ha 3cyB y 30 xB (71ar 3) i craHoBuTE 0,66 (P =0,05).
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Puc. 6. Kpoc-kxopernorpamu 4acoBHX psiIiB TpaHCMEMOPAHHOTO
TOTEHITATY 3apPOJIKOBUX KIITHH, IHKyOOBaHHX 32 Pi3HOTO CKIIaTy
cepenoruiia: TMIT — TpaHcMeMOpaHHHiT OTEHITAT 3aPOIKIB
B’fOHa, iHKyOoBaHUX y po3uuHi [onsrdperepa, TMII (nikernsb) —
TpaHCMeMOpaHHHIA TTIOTSHLiT 3aPOJIKIB B’IOHA, IHKyOOBaHHX Y
posumHi, mo Mictre 107> M Hikerro, TMIT (KoGaIBT) — TpaHCMEMO-
paHHMIA IOTEHIIiAN 3apOJIKIB B FOHA, IHKYOOBAHMX Y PO3UHHI, L0
mictus 10* M koGansry, TMIT (071080) — TparcMeMOpaHHHit
TIOTEHITaT 3aPOJIKIB B'FOHA, IHKYOOBaHHX Y PO3UHHI, 110 MICTHB
10™* M onosa, TMIT (1m1HK) — TpaHCMeMOPAHHHiA [TOTSHLia 3aPOLIKIB
B’I0HA, {HKYGOBAHIX Y PO3UHHI, 1[0 MicTHB 107 M HuHKyY

I3 MeTor0 Bi3yasIbHOTO 300payKEHHs CHIIM B3a€MOZIi MDK JBOMA
CUTHAJIaMH TPaHCMEMOPAHHOTO MOTEHLIIATY 3apOIKOBOI KIIITHHU T10-
OyZIOBAaHO YOTHUPH KOPETSALIHI IS IH [T YaCOBHX 3CYBIB, piBHi 180,
240, 300 Ta 360 xB. 3aranbHUI BATIIST KOPEIMIHHUX TUIES]T TIOKa3aHO
SIK IIeHTPH, 00’€/JHaHI CTPUIKaMK, sSKi BKa3yIOTh Ha CHJIy Ta HarpsM
KOpEJBIIHHOTO 3B 13Ky (pHC. 7). 1t bOro MOIMapHO pO3IVIsIAiN BCi
MOYKJTMBI [IJISIXM B3a€MOJTIN MK TapaMeTpamu, 10 OMKCYIOTh TeHepa-
IiF0 TPAaHCMEMOPaHHOTO TIOTEHINATY Ta PETYJSITOPHUX YAHHUKIB HA
JIOCITIDKYBAHOMY 4acOBOMY HPOMDKKY, Ta MO3HAYaIM duciamy 1-5.
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Bincrani MK IMMH CHMBOJIAMH TIPONOPLIHHI 3HAYEHHSIM KoeiLlieH-
TIB KPOCKOpEJIALLiH JUIs TIEBHOI'O MOMEHTY 4acOBOIO 3CyBY, JIe CHJIA Ta
HAIPSIMOK KPOCKOPEJIAILIHOT (PYHKIIiT MatoTh KOHKPETHE 3HAYCHHSL.
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Puc. 7. Kopersiiiitta miesina: / — TpaHcMeMOpaHHHIA TIOTSHITIAT
3apOJIKIB B’TOHA, iHKYOOBaHHX y po3urHi [ onbTdperepa,

2 — TpaHcMeMOpaHHHI IOTEHLIiaJ 3aPOJIKIB B’FOHA, IHKyOOBaHHX y
posumrHi, 1o MicTre 107> M Hikesio, 3 — TpaHCMeMOpaHHHIA MIOTEHILAT
3apOJIKIB B'IOHA, {HKYGOBAHHX y po3dHi, o Mictre 10+ M koGarsTy,

4 — TpaHCcMeMOpaHHHIA TOTEHIIIAT 3apO/IKiB B’10HA, IHKYOOBaHHX Y

po3umi, mo Micts 10* M o10Ba, 5 — TparcMeM6parHii noTeHITiaN
3apOJIKIB B’I0HA, THKYOOBAHKX Y PO3UMHI, 10 MicTHB 107 M LHHKY,
CTPUIKaMH TTO3HAYCHO 3B’ 130K MK ITapamMeTpamMmu

OGroBopeHHs1

YricnerHi JiTepaTypHi TaHi BKa3yrOTh, II0 10HM BOKKHX METaJiB
37IaTHI BUKJIMKATH TIOPYILICHHS eMOPIOHATIBHOTO PO3BUTKY Y PI3HHX
BHJIaX OpraHi3MiB, Hampukiaz, Oesxpebernx (Sisman, 2011; Gallo
etal., 2016; Gallo, 2018), pu6 (Blewett et al., 2016; Blewett & Leonard,
2017), @ mormockiB (Ringwood et al., 2010). Hacitigkamur HeratisHO-
TO BIUIMBY Ha METa0OJIiuHI Mporeck B eMOpioreHesi, 3yMOBJICHI ioHa-
MH HIKEJTIO0, KOOAIBTY, OJIOBA Ta IIMHKY, CTAIIM CTIOBUTPHEHHS PO3BUTKY
(Behra, 1993; Blewett & Leonard, 2017), BuHuKHeHHS MOpdoIOriyHux
Ta ¢ynkuionanpaix anoManiit (Dineley et al., 2003; Hwang et al.,
2012; Tualla & Bitacura, 2016), abo cmepri 3apoaka (Cavas, 2008; Cai
etal., 2012; Kucukoglu et al., 2013).

ABTOKOpEIALIIHMI Ta KPOCKOPEIBIIHHII aHATi3N MPOJEMOHCT-
pyBaJIH 3MiHy IIE€piOJIiB KOJIMBAHb TPAHCMEMOPAHHIX HOTCHIUATIB 3a-
POJIKIB, IHKyOOBaHHX y CEPEOBHINAX 3 IOHAMU BAKKHX METAIB, SIKi
MOKHA BBKATH PETYJISSTOPHIUMH YHHHIKAMH 10H-TPAHCTIOPTYBAIBHHIX
CHCTEeM IUIa3MaTHYHOI MeMOpaH! KITITHHH.

ABTOKOpEsIorpamMa — CUMeTpHyHa (pyHKIIsS, 3HAYCHHSI SIKOi 3aJie-
JKUTB BiJI YaCOBUX 3CYyBIB. TakiM 4HHOM, y pa3i 30UTbIICHHS KUTHKOCTL
JIariB KprBa aBTOKOPEILIT mpsiMye 10 Hymsl. CyTTEBUX BENMKHX 3Ha-
YeHb aBTOKOPEIIALHHA (DyHKIIiS HAOMPae 10 IIEBHOTO KPHUTIYHOTO JIara.
JUtst 3apoJIKOBYIX KJITHH B’IOHA, iHKYOOBAaHVX Y cepefoBHILi [onbT-
(perepa, BiH piBHMiT 30 XB. 30UIBIICHHS BEIMUMHI KPUTHYHOTO Jiara
U aBTOKOPEJIOTPaM TPAHCMEMOpPAHHKX MOTCHINATIB 3apO/IKIB, 1HKY-
OOBaHKX Y CEPEIOBHILI 3 I0HAMHU BYKKHX METAIB, BKa3ye Ha 3pOCTaH-
HSI 1Iepio/Ty KoymBaHb. [10Ka3HNKY 301IbLICHHS EPIO/IiB KOIMBAHb, SIKi
MPOAHATI30BaHO 3 AaBTOKOPEILILIIHIX (DYHKILIH TpaHCMEeMOpaHHKX TI0-
TEHIITIB 3apOJIKiB, IHKyOOBaHMX 13 HiKeJleM, KOOAJIBTOM 1 OJIOBOM,
30iratotscst 3 JanuMu Boyko & Sanagursky (2000) mpo BrumB ioHIB
B&KKMX METANIB Ha JMHAMIKY TPAaHCMEMOPAHHOTO MOTEHIIATY Y paH-
HBbOMY €MOpIOHATEHOMY PO3BUTKY.

OtpuMaHi pe3yibTaTi KPOCKOPEIBILIHHOIO aHAT3Y CBiYaTh, L0
TOLIMPEHHsT (TyKTyallili KPOCKOPEIISILIH 31 CKIIaTHOIO MHAMIKOIO BU-
HHKA€ 32 YaCOBUX 3CYBIB sIK Y TPSIMOMY, TaK i 3BOPOTHOMY HAIIpSIMi.
KomuBHyi edekT 9iTKO BUHO JIHIIE 3a il i0HIB IIMHKY Ha 3apOJIKOBL
00’€KTH, X04a 3HAYCHHS KOC]IIIEHTIB He BUXOATH 32 MEXI JIOBIPUOTO

iHTepBaTy. HasBHICTH TICHOrO KPOCKOPEILIIHHOIO 3B’SI3Ky 338 MaIUX
3HaYeHb YaCOBHX 3CYBIB BKa3ye Ha Te, L0 iOHH BKKUX METaIB BILIH-
BAIOTh HA JMHAMIYHi 3MiHH TPAaHCMEMOPAHHOIO MTOTCHIATY.

3a HAsIBHOCTI iOHIB HIKETIO Ta KOOAIBTY B CEPEIOBHILIAX IHKyOaril
OnacTomMepH B’10HA, MAKCUMAIIEHOTO JIOCTOBIPHOTO 3HAYEHHS KPOCKO-
pernsist Habupaa 3a HyJboBoro Jiara. [TosicHeHHs 1poro (akTy mos-
rae B TOMy, IO HIKeNb HopyIIye ioHHuit oomi (Blewett & Leonard,
2017). 3a xii HikeMO Ha eMOPIOHN MOPCHKUX DKakiB Strongylocentro-
tus purpuratus BUSBIICHO 3HIDKCHHS KOHLICHTpAIll KATTKO Ta ITiBH-
IICHHS PIiBHS HATPIIO, 10 BKA3y€ Ha iHriOyBaHHS Na" K'-ATPazu
(Tellis et al., 2014). Tonu kobansTy GnokyioTs K'-kanami, Na'-kanam
Ta 3MIHIOIOTh (Di3UYHMIA CTaH JIiHiIHOT (asH MIa3MaTHIHOI MeMOpaHH
(Cai et al., 2012). Kpim Toro, koGansT y koHuenTparii 10 M inri6ye
Na',K'-ATPasny axrusnicts (Kaplia, 2016), 110, THM caMEM, 3yMOB-
JIO€ JIETIOJIPH3AIIiio MEMOpPaHHL.

OrtpuMaHi pe3yibTaTi KPOCKOPEIBIIIHHOIO aHAI3Y CBIYATh, 10
3a HasBHOCTI iOHIB 0JIOBA B CEpEIOBHMIL iHKyOalii 3apojIKiB, MaKCH-
MaJIbHHX JIOCTOBIPHHX 3HAUeHb KOCDIllieHTH KOpesuiLii HaOuparoTh 3a
HE3HAYHMX YacOBUX 3CyBiB. O4YeBHIHO, Takuii eeKT 3yMOBICHHMIA
BIUIMBOM OJIOBA Ha TOTeHLian-keposati ioHHI kaHamu (Tomaszewski &
Busselberg, 2008), xo4a 11e muTaHHs oTpedye MOJATHIION0 BUBYCHHSL.

YV pasi HasIBHOCTI 10HIB IIMHKY B CEpENOBHIII iHKYOALil 3apoIKiB
MaKCUMAIBHHUX JIOCTOBIPHUX 3HaueHb KOC(DILIEHTH KPOCKOPEISIii
HabWpany 3a He3HAYHUX YaCOBUX 3CYBiB. Takuil pe3yIibTar, MOXKIIMBO,
€ HACJIJKOM BIUIMBY IIMHKY Ha CHCTEMH MEMOpPAHHOI CHTHAi3arlii
(MacDonald, 2000), a Tako MmATBEPIHKYE TOU (HaKT, IO IMHK Ta iHIII
JIBOBJICHTHI KaTiOHH JIOCTEPUYHO PETyJTIOIOTh JIraH/I-KepoBaHi i0HHi
KaHai abo IHTiOYrOTh 10HHI KaHa (Zimmermann et al., 2012).

KoegirieHTr KpOCKOpEILii — MaToiHPOPMATHBHI TIOKa3HUKH 32
BEJIMKUX YAaCOBUX 3CYBIB, OCKLUIBKH iX 3HAUCHHS HE BUXOIATH 32 MEX1
JIOBIPYMX 1HTEPBAIIB, TOOTO TYONATHCS 3HAYCHHSI TOTO YH HIIIOTO YHH-
HUKA Ha )KIBY CHCTEMY.

OCKUTBKH PO3paxoBaHi KPOCKOPENAIii HalekKarh 10 OJHI€l CH-
cTeMH, sIKa SIBIISIE COOOK0 3aPOIKOBHIT 00’€KT, 1 BIIOOPaKAOTh CTaH
BiZINOBI/THKX i €JIEMEHTIB y Yaci, BOHH MOXKYTb OyTH BUKOPHCTaHI 1St
100Y/I0BH CTPYKTYPHO-(YHKIIOHATBHIX CXeM — KOPEISLIHHIX TUICsI,
'V 3anpornoHoBaHMX cxemax HasiBHI 3BOpoTHI 38’s3ku. [ToOymoBaHi ko-
PeSILIiHHI TUIES BUKOPUCTOBYIOTBCS Y HOAAIBLIOMY YIS MOZIEIEO-
BaHHS CTPYKTYPHAMH PiBHSHHAME. OTXKe, iX MOYKHA 3aCTOCYBATH JUTS
SIKICHOTO OIUCY TapaMeTpiB CHCTEMH, a TAKOX IX OyIyloThb Uit
CTBOPEHHS MATEMATAYHIX MOJICIICH JJTsl KUTbKICHOTO JIOCITIDKCHHSI.

BucHoBku

HagezneHo pe3ysbTaTi aHali3y YacoBUX PsIiB TPAHCMEMOPaHHUX
TIOTEHLIIATIB 3apOKOBHX KIIITHH, IHKyOOBaHHX 32 PI3HOTO CKJIAIy Ce-
penoumia. OTprMaHi B MeXax JIOCIIDKEHHS Pe3yIIbTaTH MiITBEPIDKY-
IOTh ICHYBaHHSI TICHOTO B3a€MO3B’SI3KY MDK HAsBHICTIO Y CEpEOBHMIII
IHKyOArlil 3apOAKOBHX KIITHHHU Y PaHHBOMY eMOpioreHe3i i0HIB Hike-
10, KOOIBTY, OJI0BA Ta LIMHKY HA BEIMUUHY 3aPEECTPOBAHOTO TPAHC-
MeMOpaHHOTO MoTeHmiany. [lepio KoMBaHb TpaHCMEMOPAHHOTO TI0-
TeHIliaTy BIIMIHHUI BiJi HOPMH 3a [ii PeryJsITOPHIX YMHHUKIB. 3Ha-
YeHHSI [IUX BEJTYHH OLIBLII MTOPIBHSHO 3 TAKMMU [l HOPMH, 1110, HMO-
BIPHO, BUKJIMKAHO OJHAKOBUMH MEXaHI3MaMH PETYJIOBAHHS TpaHC-
MeMOpaHHOTO noTeHIany. OTpuMaHi pe3yJIbTaTH MaroTh MPHKIIAIHE
3HAYEHHSI UL TIOMAIBIINX JJOCIIPKEHb B3a€MOIH PI3HUX MapaMeTpiB
MeTaboIi3My y CKIIQ[HUX CHCTEMax i JO3BOJIIOTH 3aCTOCYBATH MaTte-
MaTHYHI MiIXO/M [UIsl IPOrHO3YBaHHs TTOCITIOBHOCTI X B3a€MOJIi.
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E-mail: knysh_oksana@ukr.net  cause significant changes in the metabolic activity of the embryonic mouse fibroblasts. An increase of up to 20% of content
Institute for Problems of in the incubation medium of filtrates of lactobacilli disintegrates led to a reduction of metabolic activity of test cells by 52.7

Cryobiology and Cryomedicine,  *+ 6.2%, of filtrates of bifidobacteria disintegrates — by 26.5 £ 6.5%, of filtrates of lactobacterium culture — by 15.7 + 6.9%,

National Academy of Sciences of filtrates of bifidobacterium cultures - by 40.4 + 6.8%. According to the Alamar Blue® test, filtrates that contained only

of Ukraine, Pereyaslavskast.,  gtryctural derivatives of lactobacilli and bifidobacteria at concentrations of 5% and 10%, as well as filtrates that contained a

23, Khariy, 61015, Ukraine. complex of structural and metabolic derivatives at a concentration of 5%, did not cause significant changes in the reducing
ability of mouse splenocytes. At concentrations of 10%, filtrate containing a complex of structural and metabolic
derivatives of lactobacilli, caused the inhibition of metabolic activity of splenocytes by 14.6 + 3.5%, and bifidobacteria — by
10.0 + 2.8%. With the contents of the incubation medium at 20% concentration, the filtrate of the disintegrates of
lactobacilli decreased the metabolic activity of splenocytes by 12.2 = 3.0%, and the filtrate of lactobacillus cultures that
were grown on their own disintegrates — by 43.2 = 3.3%. Increasing the content of the disintegrate filtrate and the
bifidobacteria culture that were grown on their own disintegrates in the culture medium by up to 20% led to a decrease the
metabolic activity of splenocytes by 38.0 = 2.0%. Thus, the research has shown: the orientation of changes in cellular
metabolism under the influence of the studied biologically active derivatives is similar in all model systems, and their
intensity depends on the type of test cells, regenerative substrates and concentration of the agent of influence in model
systems. The obtained results stimulate further exploration of the immunotropicity of the investigated derivatives of
probiotic bacteria and can be used for development of new immunobiological preparations.

Keywords: metabolic activity; proliferation of lymphocytes; MTT; mouse embryonic fibroblasts; mouse splenocytes

MeTa60/1iYHA AKTUBHICTH KJIITHH SIK MAPKepP HATOTOKCUYHOCTI
Ta iIMyHOTPOITHOCTI IepUBATIB MPO0iOTUKIB

O. B. Kaumr*, O. 1O. Icaenko*, O. B. danpko**, €. M. babuu*,
B. 1O. IIpokomok**, O. C. [Ipokomnrox**, M. C. IToropiia*

*Jleporcasna ycmarnosa «Incmumym mikpo6ionoeii ma imynonoeii im. 1. I. Meunuxoea Hayionanvhol akademii MeouuHux Hayx
Yxpainuy, Xapxis, Yxpaina
**[ucmumym npodnem kpiobionoeii ma kpiomeouyunu Hayionanonoi akademii nayk Ykpainu, Xapkis, Ykpaina

CTpyKTYpHI KOMIIOHEHTH KJIITHH 1 MeTaboMIiTH NpOoOIOTHKIB, IO BOJOAIOTH OIONOriYHO AKTHBHMM IOTEHLIAJIOM, TMOPSA 13 JOCIIDKSHHSIM
e(eKTHBHOCTI BUMAratoTh IPOBEICHHS HU3KH BHIIPOOYBaHb OE3MEYHOCTI iX 3aCTOCYBaHHS. BHUBYAIM IIMTOTOKCHYHICTD Ta MOTEHTHICTh JI0 BILTUBY
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Ha IMyHOKOMIIETEHTHI KJIITHHU CTPYKTYPHHX 1 MeTaboniTHUX aepusatiB Bifidobacterium bifidum i Lactobacillus reuteri 3a 101IOMOTrol0 TECTIB in
Vitro, MO XapaKTEepHU3yIOTb METaOONiYHYy AKTHBHICTH KITHH. CTPYKTYypHI KOMIIOHEHTH IpOOiOTHYHMX OakTepiil OoTpuMaHi MeTomoM (isuaHOl
Je3iHTerpaiii — MMKIYHOrO 3aMOpPOXKYBaHHS Ta BimirpiBaHHs. MeTaOomiTHI MOXi[HI OJEP)KaHI NUIIXOM KYJIbTHBYBAHHS MPO/YLICHTIB
(6ihimobaxTepiit Ta makTobakTepiit) y BIacHUX nesiHterparax. KynbTypu emOpioHanbHHX (DiOpOOIACTIB i CIUICHOLMTIB MUILECH BHKOPUCTAHI 5K
tecr-ktitam, a MTT Ta Alamar Blue® — penokc-imaukaropn. 3a masnmu MTT-Tecty, diibTpath, MO MICTSTh CIPYKTYpHI Ta MeTaGoiTHI
JIepUBATH, 32 YMOBU BMICTy B cepeloBHLIl iHKyOawii B koHueHTpauii 5% ta 10%, He BHUKIMKAIOTH CYTTEBUX 3MiH METa0ONIYHOI aKTHBHOCTI
eMOpioHanbHUX (iOpoOnacTiB MulLi. 30UIbIIEHHS BMICTY B HKyOauiiiHOMY cepenoBuili (GiIbTpaTiB Ae3iHTerparis jakrodaxrepii 10 20% 3HUKye
MeTalboJIiYHy aKTHBHICTb TECT-KIITHH Ha 52,7 + 6,2%, dinsTpariB nesinterpariB Oidinobakrepiit — Ha 26,5 + 6,5%, (iabTpariB KyabTyp
nakTobaxTepiit — Ha 15,7 + 6,9%, dinbrparis kKymsTyp Gidinobaxrepiit — Ha 40,4 + 6,8%. 3a mannmu Alamar Blue®-recty, dinbpary, mo MicTsTs
JIMILIE CTPYKTYpPHI JiepuBaTH JIakTo- Ta Oidinodakrepiii, y koHueHtpauii 5% ta 10%, a Takox (GiIbTpaTH, MO MICTAT KOMIUIEKC CTPYKTYPHHX 1
MeTaboJITHUX JIePUBATIB y KOHIEHTpawil 5%, He CIPUYHMHSIOTH 3HAYHUX 3MiH BIJIHOBJIOBAIBHOI 3/IATHOCTI CIUICHOLMTIB MHUILI. 32 KOHIICHTpALIil
10% ¢urpTpaTy, IO MICTATH CTPYKTYpHI Ta MeTaOOJITHI JEpPUBATH JIAKTOOAKTEpil, BHKIMKAIOTh HPHUTHIYEHHS MeTabOoNivHOi aKTHBHOCTI
cruieHonuTiB Ha 14,6 + 3,5%, a nepuaru 6iinobakrepiit — Ha 10,0 + 2,8%. 3a BMicTy B cepenoBHILi iHKyOaniil B koHeHTpanii 20% ¢itsrpary
Je3IHTErpaTiB JIAKTOOAKTEpi BUKIMKAIOTh IPHUTHIYEHHS METa0OoNiuyHOI aKTMBHOCTI cIuleHomwTiB Ha 12,2 + 3,0%, a ¢inbTpatd KyabTyp
JIAKTOOAKTEpil, BUPOLIEHUX Y BIIACHMX Je3iHTerparax, — Ha 43,2 + 3,3%. IlixBuineHHs BMICTY B iHKyOauiiiHOMY CepefoBHMILI (iIbTpaTiB
JIe3IHTErpatiB Ta KyJIbTyp OidizodakTepii, 10 BUPOCIIH Y BIACHUX Je3iHTerparax, Maike Ha 20% 3HIKye MeTaboIIIuHy aKTHBHICTh CIUICHOLIUTIB Ha
38,0 £ 2,0%. Takum YNHOM, CIIPSIMOBAHICTb 3MiH KIIITHHHOrO MeTabo1i3My 3a BIUIMBY JOCII/DKYBAaHUX OiOJIOTIYHO aKTHBHUX JEPHBATIB MO/IOHA B
yCiX MOJEIBHUX CHCTEMaX, a iX IHTCHCHBHICTh 3aJIeXHTh BiJl BHAY TECT-KJITHH, BIIHOBIIOBaHMX CyOCTpaTiB i KOHLICHTpAIlil areHTIB BIUIMBY B
MozenbHUX cuctemax. OTpuMaHi pe3ysbTaTH CHOHYKAIOTh JI0 TTOJANIBIIOT0 BUBYEHHS IMyHOTPOITHOCTI JJOCHI/KYBaHHX JICPHUBATIB MPOOIOTHYHHX

GakTepiif i MOXXYTb OyTH BUKOPHCTAHI UL PO3POOICHHS HOBHX IMYHOOI0/IOTIHHIX IpEMaparis.

Kmouoei cnosa: merabomnivHa akTHBHICTB; Tiportidepattist mimdormti; MTT; emOpioHanbHi hiOpoOIaCTH MHILT; CITTCHOLMTH MHILI

Beryn

HoBi peqoBHHH Ta CIIOMYKH LITYYHOTO Ta IPUPOIHOTO TIOXO/DKEH-
Hsl, @ TAKOK CTBOPEHI Ha X OCHOBI JIIKYBaJIbHO-TIPO(LIAKTUYHI 3aCO0H
MOTPEOYIOTh SIK EKCIICPUMEHTAIIBHOTO JIOKJTIHIYHOTO BUITPOOYBAHHS
IIOJI0 TIEBHUX OlOJIOTTYHKX BIACTHBOCTEH, TAK 1 MPOBEICHHS TOKCHUKO-
JIOTIYHUX JocTimkeHb (Stefanov, 2001; Habriev, 2005). Po3po6nennst
TIperiapaTiB HOBOIO MOKOJIHHS HA OCHOBI OaKTepiabHUX MOXIIHUX —
CTPYKTYPHHX KOMIIOHEHTIB 1 MPOIYKTIB YKUTTEMISUTEHOCTI IIPOOIOTHY-
HHX MIKpOOpraHi3MiB — METabiOTHKIB, sIKi MaIOTh HM3KY TepeBar 11o-
PIBHSHO 3 KIITHHHAMY TpeapaTaMy, Hapasi MepCrieKTHBHE i akTyainbHe
(Shenderov, 2013; Shaikh & Sreeja, 2017; Shenderov & Gabrichevsky,
2017). MeTabomiTé poOIOTHIHNX MIKPOOPraHi3MiB MarOTh CTUMYJIFO-
BaIGHMI BIUIMB Ha HOpMalbHY Mikpoduopy (Riviere et al, 2016),
BISIBIISIEOTH TIpOTHMIKpoOHY (Lew & Liong, 2013; Presti et al., 2015;
Sharma et al., 2017), imyHOMOmyJ1TOpHY (Jensen et al., 2010; Bauer et
al., 2013; Kang & Connolly, 2016), nporusananshy (Griet et al., 2014;
Richards et al., 2016; Castiblanco et al., 2017), npotusipycty (Kim et
al,, 2014; Ang et al., 2016; Al Kassaa, 2017), nporurnyxmady (Sharma
& Shukla, 2016) Ta iHm1 Buay aktiHBHOCTL. CTPYKTYpPHI KOMITOHEHTH
OakTepiabHUX KITHH — ()ParMEHTH KITHHHHX CTiHOK, PHOOCOMIL,
HyKJIETHOBI KUCJIOTH BITHOCATB JI0 Gi0JIONYHO aKTHBHUX PEYOBHH IMY-
HOTPOIHOI JIil 3aB/ISKH 37IaTHOCTI BUKITMKATH PEIICIITOP-OMOCEPEIKO-
BaHI KacKajIHi PeaKIlil, pe3y/IbTaT SKUX — aKTHBAIIisl MEXaHi3MIB IMyH-
Horo 3axucty opraismy (Ashraf & Shah, 2013; Kozlov & Andronova,
2013; Fong et al., 2015). Onep)KytoTh KITHHHI CTPYKTYPH 32 JOTIOMO-
TOIO PI3HUX CTIOCOOIB IC3IHTErpallii: XIMIYHIX, (i3UIHIX, MEXaHIYHHX 1
xoMOiHoBaHuX (Bauer et al., 2010; Kim et al., 2014; Kang & Connolly,
2016). MeTaboiiTi OTPHMYFOTh IIUTSIXOM KYJIBTHBYBAHHS Y TIOXKHBHOMY
CEpEIOBHILI TIPOAYIICHTA Ta HACTYITHOTO Horo BunaieHHst (Griet et al.,
2014; Castiblanco et al., 2017). [Tpu i5OMy MOBHICTIO OUHUCTUTH KiHIICBUI
METa0OJITYMICHHI TPOIYKT Bifl TIOKMBHOTO CEPEOBHIIA MPAKTHYHO
HE MOXIIHBO. MU PO3po0IITH CITOCIO OfIepyKaHHs OIOJOTIYHO aKTUBHUX
JiepuBartiB OaKTepiii NPOOIOTUYHIX LUTAMIB, SIKHH J03BOJIIE YHUKHYTH
3aCTOCYBAHHSI IOKMBHIX CEPEIOBHILL i 00 €/THATH PO3pI3HEH] HpoLey-
¥ OTpUMaHHs CTPYKTYPHIX KOMITOHEHTIB OaKTepialbHAX KITITHH Ta iX
MeTaboniTiB B ouH BoeTanHuid rportec (Knysh et al., 2018). HeoOxin-
HICTb IIPOBEJICHHS TOKCHKOJOTTIHIX JOCIIPKEHb JIGPUBATHHX TIPOMYK-
TiB, IO MICTATH CIPYKTYypHI Ta MeTabOMiTHI TMOXimHI IMPOOIOTHKIB,
3yMOBJICHA TICPCIICKTUBHICTIO X BUKOPUCTAHHS TIiJ] Yac PO3POOJICHHS
HOBHX IMyHOOIOJIOTIYHIX TPETapaTiB.

IpuitasTivu B YKpaiHi Ta CBITi €THKO-IPABOBUMH Ta 3aKOHO/aB-
uynmu HopMmamu — J{upextusoro 2010/63/€C, 3axkonoM Ykpainu «[Ipo
3aXUCT TBAPHH BiJl JKOPCTOKOTO TOBOLKEHHs» Ne 3447-IV 2006 poky
Ta «CBPONEHCHKOI0 KOHBEHILEIO TIPO 3aXUCT XPeOSTHUX TBAPUHY, 110
sikoi 2 Tpasust 2017 poky mpuenHanacst YkpaiHa, 3aTBEpmKeHO 0OMe-
JKEHHSI IIOJI0 3aCTOCYBAHHS TBAPHH VTS IOCILIHHX Ta IHIINX HAyKO-
BHIX LTl 1 HEOOXiTHICTh 3aMiHH KIIACHYHUX JIOCIIDKEHB i1 VIVo alleK-

BATHUMM JIbTEPHATUBHUMH METOJAMHU: TECTYBaHHSAM Ha TKAHMHHHMX
Ta KITHHHUX KyJIbTYpax, MaTeMaTHYHIM MOZIETIOBAHHAM, KOMII 10
TEPHAMH TEXHOJIOTISIMH Ta 1HIMMH TecTami. Cepesl TaKuxX METOZIB
OLIIHIOBAHHS TOKCHYHOCTI PI3HHX CTIONYK 1 HOBHX TpENapariB HaiTo-
IIMPEHIINIMH CTAIM METOJM i3 3aCTOCYBAHHSM OIOJIOTIYHIX CHCTEM,
OTPHMMAHHX BiJl TBAPUH, MeTa0OIIUHi JIAHITIOTH SIKMX HAaOIMDKEHI 10 Ta-
KHX Y JTFOAMHH. BOHHM JaH0Th MOYITHBICTD 3HU3HUTH BapTICTh, CKOPOTH-
TH TSPMIHH Ta MiIBULITH HATIHHICT JOKTIHIYHUX TOCITiHKeHb (Davi-
laetal., 1998; Arora et al., 2011; Adan et al., 2016). Buxopucrans kii-
THHHUX KyJBTYp ZO3BOJISIE BHSIBUTH IPSMHI LIUTOTOKCUYHUM eexT
JOCIT/DKYBAaHMX PEYOBHH 33 3MiHAMH MOP(QOIOTIYHUX TTOKa3HHUKIB,
niporidepaii a00 MeTaboMYHOT aKTHBHOCTI KIITHH. BinoOpaxeHHsM
JISSIKVX aCIIeKTIB 3aralbHOro MeTabosti3My Ta MapKepOM >KUTTE3/[aTHO-
CTi KIIITHH MOKE CITY KUTH X 30aTHICTB JI0 BiTHOBJICHHS PEIOKC-1HIIH-
KaTopiB — pe3asypHHy Ta coiiel Terpasonito. Taki iHIMKATOPH I
IHKyOaIlil 3 MOMYJIIHE KIITHH TIEPETBOPIOIOTECS Ha 3a0apBiicHi abo
(ryopecrieHTHI KiHLEBI MPOJYKTH, BMICT SKUX BH3HAYAETHCS KiIbKiC-
HO Ta MPOMOPLIMHO KUTbKOCTI skuTTe3maTHUX KiithH (Rampersad,
2012; Riss et al., 2013; Prébst et al., 2017).

Konoprmerpuunmit MTT-TecT — cTaHmapTHHI METOJ TIEPEBIPKH
IMTOTOKCUYHOCTI PI3HHX CIIOJYK HA eTarl (hapMaKoJIOTIIHOTO CKpH-
HIHTY. BiH TeXHIYHO NPOCTHH, Yy TJIMBHIL Ta BIITBOPIOBAHMH 1 3a TIEB-
HHUX YMOB BijIoOpaka€e KUTBKICTh sxurTe3naTHuX KinitiH (Riss et al., 2016;
Prébst et al., 2017). V iioro ocHOBI — 30aTHICTL 6€30apBHOI COJIi TETpa-
somito ((3-[4,5-mumerriazon-2-in]-2,5-mudeninrerpasonito  Gpomin,
MTT) BigHOBIEOBaTHCS /10 3a0apBICHOro (hopMasaHy 3a Jil MITOXOH/I-
piaTbHIX (hePMEHTIB KUBHUX KITITHH, YacTillle — aire30BaHMX 0 CTIHOK
wiaHiera. PopMazaH HAKOUYYETCS Y BUNISN HEPO3YHHHHX TIPELH-
TITATIB yCepeWHi, Ha OBEPXHI KIITHH i B KyJIbTypaITbHOMY CEpPEIOBH-
i, 3aru0enb KITHH CYTIPOBODKYETHCS BTPATORO 3aTHOCTI TIEPETBO-
proBatt MTT Ha 3a0apBieHHi KiHIICBUI MPOIYKT, IO PEECTPYIOTh
CIIEKTPO(OTOMETPHUHO. SIK TECTOBI 3aCTOCOBYFOTh KJITHHH PIi3HOIO
MOXOJDKEHHS, Cepell AKuX (hiOpoOIIacTH BU3HAHI CTAHIAPTHUM 00’ €K-
TOM IIi/T Yac JOKITiHIYHHUX BUIPOOYBaHb.

Takox 151 BUBYCHHS IMTOTOKCHYHOCTI MOTEHIIMHIX (papMarieB-
THYHUX TIpEriapaTiB i CHOIYK 3aCTOCOBYIOTH pe3asypHH-TecT (Alamar
Blue®-tecT), 110 BimoGpakae BiIHOBTIOBATBHI TIOTEHIHAT MporTide-
pyBansrux KiitvH (O'brien et al., 2000; Rampersad, 2012; Prébst et al.,
2017). Ha Binminy Big MTT, pe3a3ypyH BifHOBITFOETECS OLTBIII PO~
KUM CIIEKTPOM (DepMEHTIB: MITOXOHIPIIGHIMHA Ta IUTOILIA3MaTHY-
HHAMH JICTiNPOreHa3aMy, IMTOXpoMamu. JKUTTE3MaTHI KIITHHA 3 aK-
THBHUM MeTabOoMTi3MOM BiTHOBIIOIOTh Pe3a3ypHH y pPOKeBuid (uIyo-
PEeCLICHTHHI TPOXYKT — pe3opydiH, KUIbKICTb SKOrO IMPOIOpLiHHa
KUJIbKOCTI JKUTTE3IATHUX KITITHH. MeTa i€ cTaTTi — OiHUTH IATOTOK-
CHYHICTb CTPYKTYPHHX 1 METaOOJTHHX AepuBaTtiB Bifidobacterium bifi-
dum 1 Lactobacillus reuteri 3a JOIIOMOI'OFO i1 Vitro TECTIB IIUIIXOM BH-
3HAYEHHs] MeTabOJYHOI AaKTUBHOCTI TECT-KIITUH — eMOpIOHATIBHIX
(hiOpoOIACTIB 1 CIUICHOLTIB MHILII.

224 Regul. Mech. Biosyst., 9(2)



Marepian i MeTo4 JOC/TKEHD

JlocipKkeHHIO Ha MTOTOKCUYHICTh Miisramit: (GpiuibTpaTy Ae3iH-
Terpartis OidinobaxTepiii i TakTobaKTepiii (MICTSITh CTPYKTYPHI KOMIIO-
HEeHTH OakTepialbHUX KITHH); (QUIBTpaT KyasTyp Oidimobakrepiid i
JIaKTOOAKTepild, BHPOIICHWX HA BJIACHUX Je3IHTerparax (MiCTATh
CTPYKTYpPHI KOMITOHEHTH Ta METa00IIITH OaKTepiaIbHIIX KITITHH).

CrpykTypHi KOMIOHEHTH Oihino- Ta JIakToOaKTepiit OTpUMyBaITH
[IUIIXOM 3aCTOCYBaHHsI (DI3MYHOTO METOMY Je3iHTerpalii OaKTepiaib-
HHX KIITHH — LMKIYHOTO 3aMOpOXKYBaHHS-BiTaBaHHs. JUisl 11010
miodiizoBani BupoOHu4i rramu B. bifidum 1 (3 npenapary «bidizym-
Gakrepu», [IpAT «biodapmay, Yipaina) ta L. reuteri Protectis DSM
17938 (3 mpemaparty «BioGaia», «BioGaia AB», Sweden) micist periz-
paTtauii KyisTuByBam mpotsroM 20-24 rommH 3a Temmeparypu 37 +
1°C y pimxoMy abo HamiBpiIKoMy IOXMBHOMY ceperosumi (MRS-
OyJIBHOH, TIOTIIKOJIEBE cepeioBHILe). ITicist TpHpa3oBOro BiMIBAHHS
BiJI CEpeIOBHIIA TOTYBAIM CYCIEH3Il KIITHH 3 ONTHYHOIO TYCTHHOIO
10,0 omuuuip 3a mxanoro Mak®apraHaa 3a JIOMOMOIOKO TPHIALY
Densi-La-Meter (Lachema, Yexist). Lpkm 3aMOpo)xyBaHHSI-BiITaBaH-
Hs1 IIPOBOIIUIM JICCSTHPA30BO B TAKOMY PEXKHMI: 3aMOPOXKYBaHHS — I1a-
CHBHHMM OXOJIOIDKEHHSIM y MOPO3WJIBHIN KaMmepi XOIOMMIbHIKA Sam-
sung RB29FSRNDSA o temmnieparypu —23 + 1 °C, BinmirpiBaHHs — Ha
BOJIsHIE Oai 3a Temrieparypu 37 + 1 °C 110 TOBHOTO BiJTaBaHHS.

Iponykrn merabomismy 6ihimo- Ta JaxrodakTepiit oOnepXKyBam
I/ Yac BHUPOIYBaHHS NPOOIOTHKIB y BIIACHUX Je3iHTerparax. Jlyms
LIBOTO MIKpPOOHY CycrieH3ito GakTepiii 3 onTuyHOIO ryctuHoro 10 omm-
HHLIb 32 mKanoo Mak®daprnaHia BHOCHIM B IC3iHTErPar y CIiBBiHO-
menHi 1 : 9 i kynpTuBYBaH 3a Temmeparypu 37 + 1 °C ynpomoBx
72 romiH (Knysh et al., 2018).

OtpumaHi e3iHTErpaTé Ta KyJIbTYpH, SIKi BUPOCIH B JIe3iHTerpa-
Tax, U] BAJAICHHS [UINX KITHH Ta KITHHHOTO JeOpHCY, CHIOYaTKy
TiyiaBaimy neHTpudyryBansio 3a 1 100 g ynponosx 15 XBrumiH, mmicist
4Oro CyIepHaTaHT (UIBTPYBIH Yepe3 CTepUIIbHI MeMOpaHHi (GiUIbTpH
3 giamerpoM 1op 0,2 mxm (Bnazinop, Pocis).

EKcriepyMeHTH 3 BUKOPHCTAHHAM J1a00paTOPHUX TBAPHH TIPOBOMU-
JIM BiZOBI/HO /10 3akoHy Ykpaitu «IIpo 3aX¥cCT TBapyH BijT dKOPCTOKO-
ro noBokeHHsD» (Ne 3447-1V Bix 21.02.2006 p.) i3 HOTpUMAHHSIM BH-
mor Komitety 3 GioeTuki [HCTHTYTY, Y3rOKEHHUX 13 TTONOKEHHAM «ECB-
POTIeHCHKOI KOHBEHIIIT 3aXHCTy XPEOSTHHX TBAPHH, SIKIX BHKOPHCTOBY-
10Th B €KCTIEPHMEHTATBHIX Ta HIIMX HayKoBUX sty (C1pacOypr, 1986).

Kymerypy emOpionanbHiX (ibpo6iacTiB MU OTPHMYBAIA 32
CTaHJAPTHOK METOIHMKOIO 3 eMOpioHiB mueli BALB/c, BrtyueHnx
Ha 13-14-1y o0y recrawiii IUBIXOM MEXaHIYHOI Ta €H3UMAaTHIHOI IO~
MoreHizatii (3a roromoroto 0,05% Trypsin-EDTA) Ty1y6is emOpioHiB
0e3 HABKOJIOIUTITHUX OOOJIOHOK, TOJIOBU Ta BHYTpIIHIX opraHiB (Jo-
zefezuk et al., 2012). DiGpobnactu pecycrieHIyBAIH Y KyIbTYpaIBHO-
My cepenosumii DMEM/F12 (Sigma, Himewunra) 3 nomasanssv 10%
¢eransHoi Terol cupoBatky (FCS), neniminy (50 ox/mi) i ctpen-
TomirHy (50 Mr/mi).

Busnauenns yumomokcuunocmi 0gpueam-eMiCHUX  Qitbmpamie
3a MTT-mecmom. Cycniensito (ibpobnactis y koruentpariii 100 000
KJIITAH/MIT BHOCWITY Y JiyHKH 96-1tyHKoBoro mianiuera (Tecan Genios,
Tecan Inc., ABctpatist) o 100 mxu, kynastuByBay B CO, iHKyGaTOpi
(Automatic Flo-Thru CO, Incubators) 3a 95% BomorocTi, 5% BMicTy
CO, Ta Temmeparypu 37 + 1 °C. Yepes 24 ronrHN HEPUKPITUIEH] 10
IUIACTHKY KJIITHHY BUIATSUIN, a IPUKPIIUICHY (PpaKIiifo KITHH Ky IbTH-
BYBIM JI0 OTPHMaHHS KoH(umoeHTHoro mapy. ITicist ¢opMyBaHHs
MOHOIIapy KIITHHU JiBidi TpoMuBaiy cepenosriieM DMEM/F12 6e3
CHpOBAaTKH. Y JOCHiHI JIyHKH BHOCHWM ceperouinie DMEM/F12 3
JoCiipKyBaHuME  (ibTpataMu y KiHIeBild koHuentparii 5, 10 Tta
20%00., y KOHTPOJIbHI — CepeioBHILe Oe3 10CITiIPKYBaHOro (inbTpary
(weratuBHMIA KOHTPONb, K). [lnanmern iHKyOyBaau 3a BUIIE3a3Haue-
HHX YMOB npoTsiroM 24 romuH. MTT-pearent (6e30apBHy Citb TeTpa-
somto [3-(4,5-dimethylthiazol-2y1)-2,5-diphenyltetrazolium bromide],
Sigma Chemical Co., USA) nonasami B styHKH 110 15 mxor. [HKyOyBamt
3 HUM KJIITHHH yriponoBx 4 romuH B CO, iHKyOaTopi B yMOBaX, CIpH-
SITJIMBUIX JUTSL BiZIHOBJICHHS KIITHHAMHU po3urHHOr0o MTT-pearenty 1o
Hepo34rHHOTO (hopmazany. ITicist 3aKiHUCHHS 3a3HAYESHOTO Yacy 3 JIy-
HOK BUIAJIUTH CEPENOBHUILE Ta BHOCHWIH MO 100 MK IMMETHIICYITB-

¢dorcuny (JIMCO) 3 metoro comobumizanii (hopmasaHy. AKypaTHO
CTPYIIYBAIM IUIAHLIET NPOTSroM 5—10 XBWIMH 10 PO3YMHEHHS KpU-
craiiB (opmasany.

3a gonomoroto manieTHoro punepa (Elise microplate reader with
PC software UTRAO SM 600, China) Bu3Ha49ai ONTUYHY TyCTHHY
KOKHOI JIyHKH 32 530 HM, BiTHIMaITM BUMIpsiHE (DOHOBE TOMTTMHAHHS 32
620 mM. Pesynsratn po3paxoByBamy 3a opmyioro (RAU = orrrrana
TyCTHHA 3pa3Ka 3 KIIITHHAMY — ONTHYHA TYCTHHA 3pa3ka Oe3 KIITHH) 1 Ha-
BOIIMUI Y BIZICOTKaX BiJl 3HAYEHb, OTPUMAHHX IS KOHTPOJIBHOTO 3pasKa.

Ompumanns cnneroyumie muwi. Cenesinky mumeii BALB/c
(3 camrust, BikoM 6-8 TrokHiB, Baroto 18-20 1) oTpuMyBaiM B acenTuy-
HUX yMOBaX. BunineHy cenesiHky onHopa3oBo npomusam 70% eru-
JIOBMM CIIpTOM 1 Tprdi cepemoBumeM RPMI-1640 (Biowest), micist
YOro MOJPIOHIOBANH THLETAMH [0 CTaHy OHOPIITHOI MacH, MepeHo-
CWJIM y TUTACTUKOBY TPOOIpKy eMHICTIO 15 M1, BHOCHUIH 4 MII ceperio-
Bra RPMI-1640 3 nomasanmsiv 10% eMOpioHaIbHOT CHPOBATKH KO-
Bi Bemukoi poraroi xymoou (37 °C), unentpudyryBam 3a 500 g
(1500 06./xB) mpotsiroMm 5 xBrmuH. CynepHaTaHT BUTALUTH, 0Ca]| pe-
cycreHIyBai B 1 Mi1 KyabTypansHoro cepenosriia RPMI 3 nonasas-
wsM 10% ¢eranbHoi Terstaol cuposarku (FCS), nenitputiny (50 om/mi) i
crpenromitmHy (50 mr/mi). KoHueHTpamito KINTHH BH3HAYaIH 3a
JIOTIOMOTOF0 TeMonToMeTpa Marienfeld.

Busnauenns yumomokcuynocmi Oepueam-eMicHux  inbmpamie
sa Alamar Blue®™-mecmom. CyclieHsiio CIVICHOIMTIB BHOCKII B TyHKH
wiactukoBoro mwiaHmera Tecan Genios (Tecan Inc., ABcrpaiist) mo
80 mx1 (70 000 xiiTHH Ha JIYHKY). Y JOCHIIHI JyHKH JOJABATH IO
20 MKJ TocTipKyBaHkX (UIBTpaTiB (HEpOo3BeIeH X i po3BeneHuX | : 2;
1 : 4 xynerypansauM cepenoBuiiieM). Kinuesi koHieHTpariii ¢insrpa-
TIB y JyHKax CKiam BimmoBigHO 20%, 10% Ta 5%00. KontpomsHi
JIyHK{ MICTFITH CTUICHOLATH Y CEPEIOBHIIII KyJIbTHBYBAHHS (HEraTuB-
HUiA koHTpOIb, K). KitiTiHHI cycnensii KynsTuBYBa B iHKyOaTopi 3a
5% xomnnentpanii CO,, 95% Bomnorocti Ta Temmeparypu 37 + 1°C
yrponosx 24 romu. Alamar Blue® (Serotec Ltd, CIIIA) BHOCHM y
JyHKH B KoHLEeHTpaii 0,15 Mr/mi1, Hiciist 4oro IJIaHIIeTH BUTPUMYBa-
JIM YIIPOZIOBXK JBOX TOMMH B iHKyOaTOpi y 3a3HaueHuX ymoBax. Kinb-
KICTh BiZTHOBJICHOTO (hTyOpECIICHTHOro OapBHUKA Y 3pa3Kax BU3HAYa-
71 32 HTEHCUBHICTIO (MITyOpeCLeHIIil 3a JOBKUHK XBIII 30yDKCHHS
550 Ta emicii 590 HM. BramiproBaHHS IPOBOIMIIH 32 JOTIOMOTOIO PHIEpa
(Elise microplate reader with PC software UTRAO SM 600, China).
Pesynerati BuMiproBanb po3paxoati 3a ¢opmynoro (RFU = iHren-
CHBHICTb (piryopectieHmii 3pa3ka 3 KIITHHAMH — IHTCHCHBHICTB (IIyo-
pecrieHIii 3paska 0e3 KITHH) i HaBeCHI Y BiJICOTKAX BITHOCHO
KOHTPOJIBHOT'O 3pa3Ka, 110 He MICTUTB JOCII/DKYBAaHNX PEIOBHH.

CraructuHy 0OpoOKy OTpUMAHUX Pe3yJIbTaTiB TPOBOIHIIM 3 BH-
KopucTaHHsM mporpamu Statistica 8.0 (StatSoft Inc., USA). st koxk-
HOI KOHLIEHTpAIIii JOCII/HKYBaHHX PEUOBHH €KCIIEPUMEHTH BHKOHAHO
TpH4l y IIecTH NoBTOpax. [ BUsABIEHHS po30hKHOCTEH MK BHOIpKa-
MH 3acTocoBaHo Hernapamerpuianid U-kpurepiit Manna—YitHi. Otpr-
MaHi JIaHI HABE/ICH Y BUTVISI CEpEeIHROrO apu(MEeTHIHOTO (X) 3i CTaH-
JapTHAM BimxwiieHHsM (SD). 3xauenns P < 0,05 mpuidHsITi sIk cTatuc-
THYHO 3HAYYIIII.

PesyabTaTn

3a pesynbraramu MTT-TecTy, IpUCYTHICTB Y CepeIOBHIL iHKYOa-
i emOpioHanbHEX (iOpoOnacTiB mumti (UIBTpaTiB, IO MICTATH
CTPYKTYpHi Ta METaOOJIiTHI IepUBATH JIAKTOOAKTEPIiH, Y KOHIICHTpAILi
5% Ta 10% He BUKIMKaE CTATHCTUYHO JOCTOBIPHHX 3MiH MeTaboiy-
HOi aKTUBHOCTI TecT-KiiTuH (puc. 1). BBeneH s 10 CKamy cepenoBu-
mwa ¢itsTpary nesiHTerpary JiakroOakrepiii y koHueHtpauii 20%
CIIPUYHUHSE 3HAYHE MPUTHIYCHHS BiJTHOBIIOBAIBHOI 31aTHOCTI (idpo-
OrmacTiB: 1 MOKA3HYK 3HIDKYEThCS Ha 52,7 + 6,2% MOpIBHSAHO 3 KOHTPO-
1eM. MeTaGomivHa akTHBHICTB (hibpobmacTis 3a 20% BMICTy B cepeno-
BHII iHKyOarii (uIbTpaTy KyJIBTypH JIaKTOOAKTepidd, BHUPOIIEHOI Y
BJIACHOMY KpiOZie3iHTerpari, 3HIDKY€eThest Ha 15,7 + 6,9%. Taxum un-
HOM, BiJIHOBITFOBJIbHA 3/IaTHICTH (HiOPOONIACTIB TIiJT Yac 3aCTOCyBaHHS
SIK perokc-imkaropa MTT BUSBIIIACS Yy TIMBILLIOKO JI0 BIUIMBY CTPYK-
TYPHHX, HDK KOMILIEKCY CTPYKTYPHHX i METaOOJITHUX ICPHBATIB JIaK-
ToOaKTepIl.
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Puc. 1. Brums nepusariB akrobaxTepiif Ha MeTabOIIYHy aKTHBHICTH
eMOpioHabHIX (hiOpobiacTiB My, Bu3HadeHy 3a MTT-tectom
(x £ SD, n=3): L — pinbTpary Ae3iHTerpariB JIAKTOOAKTEPIl;
ML — ¢inbTpary KyJibTyp JIAKTOOAKTEepild, BUPOLLEHHX Ha BIACHUX
Je3iHTerparax; * — BiIMIHHOCTI CTATUCTUYHO JJOCTOBIPHI
3a P < 0,05 mopiBHSHO 3 KOHTpOJIEM

OiBTparH, M0 MICTATH CTPYKTYPHI Ta METa0OIMITHI epHBaTH Oi-
(inobaxrepiii, y koHIeHTparii 5% Ta 10% He BUKINMKAIOTh CTATHCTHY-
HO JIOCTOBIPHHX 3MiH MeTaOOJIYHOI aKTUBHOCTI eMOpIOHATBHIX (hi0-
pobnactiB M 3a MTT-tectoM (puc. 2). 3a KOHIIEHTpaIlii B cepeo-
BHIL KyJIETUBYBAHHS (UIBTpaTiB 5% crioctepiracTbesi TEHICHIIS 10
TTIJIBUINICHHST BITHOBHOI 31aTHOCTI (hiOpobiacTiB. 30UTbIIICHHST BMICTY
¢inbTpariB Ae3inTerparis OiginobdakTepiii y cepeIoBHIL KyIETUBYBaH-
11 710 20% CyHpOBODKYETHCS CYTTEBUM HPUTHIYEHHSIM METa0OIYHOT
aKTHBHOCTI TeCT-KITHH: 1i piBeHb 3HIKyeThcsl Ha 26,5 + 6,5%.
OinpTparu KysTyp OiinodakTepii, BUPOILEHNX Y BIACHHX JIC3IHTET-
patax, 3a BMICTy B CEpEIOBHILI KyJIbTHBYBaHHs 20% CIPHUMHSIOTH
3HaYHE 3HIDKCHHS BITHOBHOI 31aTHOCTI eMOpioHabHHX (idpobracTiB
MM TIOPIBHSHO 3 KOHTPOJIBHUMHM TOKa3HUKaMH BiTHOBHUH IOTEH-
LT TecT-KIITHH 3MeHIyeThest Ha 40,4 + 6,8%. OtpumaHi pesybsTarti
MTT-Tecty noKa3ykoTh, IO 32 OJHAKOBOTO BMICTY B IHKyOaLiifHOMY
cepenosyl (20%) CTpyKTypHi JepuBatu OidinodaxTepiii CpHunHs-
FOTh MEHIII CYTT€BE MPUTHIYCHHS METaOOIYHOI aKTHBHOCTI (hibpobma-
CTiB, HOK KOMIUIEKC CTPYKTYPHHX 1 METaOOJIITHHX JEPUBATIB.
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Puc. 2. Brums mepusaris Gigigodakrepiif Ha METaOOIIYHY aKTHBHICTh
eMOpioHanpHIX (idpodrnacTiB My, Bu3HadeHy 3a MT T-Tectom
(x £ SD, n=3): B— dinsTparu ne3inTerparis Oiinodaxrepiif;
MB — dinbTpaty KynbTyp GidinobakTepiii, BUPOIIEHHX Ha BIIACHUX
Jie3iHTerparax; * — BiZIMiHHOCTI CTATHCTHYHO JIOCTOBIPHI
3a P < 0,05 nopiBHSHO 3 KOHTpOJIEM

SIK BUZTHO 3 HABEJIGHHX Ha PHCYHKY 3 JaHHX, BMICT y CEpEeIOBHIII
iHKyOawii inbTpariB nesinrerparis y koHueHtpauii 5% i 10% Ta
(UTBTPATIB KYIBTYp JAKTOOAKTEPIH, BUPOIICHHX Y BIIACHUX JIC3IHTET-
partax, y KOHIIEHTparii 5% He BHKIMKAE CTATHCTUYHO JIOCTOBIPHHX
3MiH MeTa0OMIYHOI aKTUBHOCTI CIUICHOLMTIB MUIII 32 Pe3yJIbTaTaMU
Alamar Blue®-recry. IIpucyTHicTs B {HKYGALiiHOMY CepeiOBHII 13-
IHTerpaTiB akTobaKTepiil y KoHneHTparii 20% CrprInHse CTaTHCTHY-
HO JIOCTOBIPHE 3HMDKCHHSI METAOOJIUHOI aKTUBHOCTI TECT-KIITHH TIO-
PpiBHSHO 3 KoHTposieM (Ha 12,2 + 3,0%). DinbTpati KyJIbTyp JaKTo0aK-
Tepil, BUPOILIEHHX HA BIIACHMX JE3iHTerparax, y KoHuentpauii 10%
BHUK/IMKAIOTh CTATHCTHYHO [OCTOBIPHE 3HIDKCHHS METaOOJivHOI aK-

226 Regul. Mech

THBHOCTI CIUICHOIMTIB Mt Ha 14,6 + 3,5%, a B koHueHTparti 20% —
Ha 43,2 + 3,3% MOPiBHSIHO 3 KOHTPOJIBHUMH TIOKa3HUKaMH. TakiM uri-
HOM, 3a pesyibratami Alamar Blue®-tecty, cyTTesile npuraiderss
MeTaboiYHOT aKTUBHOCTI CIUICHOLIMTIB MHILI BiIOYBA€THCS 32 [Iil KOM-
TIEKCY CTPYKTYPHHX 1 METaOOITHIX TTOPIBHSHO 3 AHATIOTTYHAM eeK-
TOM, BUKJIMKaHUAM JI€F0 CTPYKTYPHHX JCPUBATIB JIAKTOOAKTEPIH.
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Puc. 3. BrumB nepuBariB 1akTo0aKTepiit Ha METaboIiHy
aKTHBHICTB CIUVICHOLIATIB ML, Br3HaueHy 3a Alamar Blue®-rectom
(x£SD, n=3): L — inerparu Ae3iHTerpaTiB JaKTOOAKTEPIif;
ML — GinbTpaty KyJbTyp JaKTOOAKTEii, BUPOIICHHX Ha BIACHIX
Je3iHTerpaTax;  — BIIMIHHOCT] CTATHCTHYHO JI0CTOBIpHI
3a P < 0,05 nopiBHSHO 3 KOHTpOIEM

Pesynbrati nocmimpkeHHs BIUIMBY AepHBatiB Oidinobaxrepiil Ha
METabOTiYHy aKTUBHICTh CIUICHOIMTIB Myl B Alamar Blue®-recri no-
3BOJTWUTM 3pOOMTH BHCHOBOK IIPO Te, IO BCi JIOCII/DKYBaHI JepHBaT-
yMicHI (UIBTpaTy 3a KOHIEHTpallii B iHKyOawiitHoMy cepenosuii 5%
Ta QinsTpary aesinterparis Oidinodaxrepiit 3a KoHueHTpauii 10% He
BUKMKAIOTh CTATHCTUYHO JIOCTOBIPHUX 3MiH MeTabOMi3My TecT-KiIi-
TrH (puc. 4). 3a ymoBu 20% BMICTy B cepemoBHII iHKyOarii (iTbTpa-
TIiB Je3iHTerpariB Oiinobaxrepiii MeraboniuHa aKTHBHICTh TECT-KIIi-
THH NPUTHIYY€ETBCs Ha 38,2 + 2,0% MOpIBHSHO 3 KOHTPOJIEM. YBe/IeH-
HSI B CEPEIOBHIIC HKYOAITil CIICHOIMTIB (DUIHTPATIB KyJIbTyp Oidino-
0akTepii, BUPOIICHNX Y BIIACHUX JIE3iHTErparax, B KoHueHtparii 10%
HPUTHIYY€e MeTa0oIiuHy akTHBHICTb cruteHormTiB Ha 10,0 + 2,8%, a B
koHueHtpauil 20% — Ha 38,0 + 2,1% NOpIBHAHO 3 KOHTPOJIBHHMH T10-
KasHKamn. OTKe, 3a marnMi Alamar Blue®-tecty, 3a 1ii Komriexcy
CTPYKTYPHHX 1 METaOOMITHIX JieprBaTiB OihinoOakTepiii BitOyBaeThCs
TaKe came 32 IHTEHCHBHICTIO MPUTHIYEHHST METabOMIYHOI aKTMBHOCTI
CIUICHOLMTIB MHIII, 5IK 1 32 Iji CTPyKTYpHIX JIepiBartiB OithizoOakTepii.

OGrosopenns

OrtpumMaHi JiaHi 10/I0 BIUIMBY JICPHBATIB JAKTOOAKTEPiil HAa MeTa-
0OMiYHy aKTUBHICTH eMOpiIOHATBHIX (HiOpoOIacTiB MuI JOOpE Y3roa-
JKyIOTBCS 3 Pe3yJIbTaTaMH AHAIOTTYHHX JIOCITDKEHb, SIKi OKa3aIH Bifl-
CYTHICTb IIUTOTOKCHYHOTO BIUIUBY CyMIllli (pTBTPATIB KyJIETYpATbHIX
pimH mBox mramiB L. reuteri (ATCC PTA 5298 ta DSM 17938) na
JKATTE3/IATHICTh THMBATBHUX (hiOpoOIIacTiB i3 3actocyBanmsiMm MTT-
tecty (Castiblanco et al., 2017). Crix 3a3Ha4dTH, 110 BMICT METad0Ti-
TiB JIAKTOOAKTEPiil B IHKyOAL[fHOMY CepEIOBHILI, AOCIIHKSHUIH aBTO-
pamu, 3HAYHO HIDKYHIL, HDK 00paHHii Oe3KITITHHHMIA CYTIepHATAHT, SKHit
PO3BOIMIIM 10 KOHLICHTpALIi, eKBIBAJICHTHOI Til, 110 BUPOOISETHCS
Gaxrepismit y Kimbkocti Bix 0,5 10 5,0 x 10" KYO/M. Truni astopu
(Sultana et al., 2013) mokazami, mo mizar L. reuteri ATCC 55730
(orpuvanmii i3 1x10° KYO/w Gakrepiif) He BIUMBae Ha JKUTTE3AT-
HICTh HOPMAJTBHUX €ITICPMAITBHAX KEPATHHOLWTIB JIFOJMHH, BA3HAYC-
Hy 32 jornomororo MTT-tecty. BifCyTHICTh IIUTOTOKCHYIHOTO eheKTy
(UTBTpaTiB YIBTPA3BYKOBUX JIE3IHTEIPATIB HILOIO BHJLY JIAKTOOAKTE-
piit — L. ruminis BigsocHo wiitna Hela 3a nonomororo MTT-tecty
BeraHoBwn Kim et al. (2014). KoHuenTpatist KIITHH, HiITaHUX Ae3iH-
Terpaii, BiqmoBinana oOpaHiil y HAIIOMy IOCTimKeHHI. BMicT ¢inb-
TpaTy B CEpEeIOBHILI Ky/IbTHBYBAHHs TeCT-KIITHH cTaHoBUB 10% (y Ha-
nmx excriepuMeHTax — 5% ta 20%). Iin 9ac TOCIiPKEHHS BIUIUBY
PI3HMX KOMITOHEHTIB JIakToOaKTepit (L. gasseri Ta L. crispatus): Kyib-
TypaIbHHUX CYIICPHATAHTIB, LIMTOILIA3MATHYHHUX CKCTPAKTIB, CKCTPAK-

. Biosyst., 9(2)



TIB KJIITHHHKX CTIHOK 1 )KMBUX KIITHH Ha NpodtidepaTHBHY aKTUBHICTb
HopMaTbHEX Ta IyximHHKX (Hela) nepBikaibhix diopobnacromnosmio-
HUX KIITHH 32 JoriomMororo MTT-TecTy BHSIBIICHO HASBHICTB LIATOTOK-
CHYHOI [l BITHOCHO ITyXJIMHHKX Ta BiICYTHICTb — HOPMAIGHUX KIITHH
(Motevaseli et al., 2013).
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Puc. 4. Brums nepugaris 6idinobakrepiit Ha MeTabONIYHy aKTUBHICTD
CIUTCHOLTIB MuLL, Bu3HAUeHy 3a Alamar Blue™-tectom (x + SD, n=3):
B — ¢inbrparu aesinrerparis Gidinodakrepiii; MB — inbTpary KybsTyp
6ichimobakTepiii, BUPOIIEHHX Ha BIACHKX Je3iHTerparax; * — BiqMiHHO-
CTI CTaTHCTUYHO OCTOBIpHi 3a P < 0,05 mopiBHSHO 3 KOHTpONIeM

OneprkaHi JaHi 070 BIUIMBY JeprBaTiB OiinodakTepiii Ha MeTa-
OOJIYHY aKTHUBHICTH eMOpiOHATBHIX (hiOpoOiacTiB My MomiGHI 10
TIOBIZIOMJICHHUX IHIIMMH aBTOPaMH PE3yJIBTATIB aHATOTIYHHX JOCII-
JKeHb. [ [UTOTOKCHYHICTh KIITUHHUX TOXITHIX PI3HUX ITamiB Oidino-
Oaxrepiit 3a normomororo MTT-tecty nocmimum Kim et al. (2014).
ABTOpY NoKa3aiH, 1o 10% BMICT y cepeOBHILL KyJIETHBYBaHHS TECT-
KIITHH (UIBTPATIB yIIBTPa3ByKOBHX Jie3iHTerpariB Oidinobakrepiit He
CIPHYHMHSIE IIMTOTOKCHYHOI Aii BitHOCHO KititiH Hela. Cxoxi pesynb-
TaTH TakoXX Haeerw Sultana et al. (2013): mizar B. longum ATCC 51870
(orpunvanii 3 10° KYO/v Gakrepiif) He mmBae Ha MeTaboIiHy aK-
THBHICTh HOPMAIBHHX €ITiIePMATBHAX KePATHHOLWTIB JIFO/IMHH, BU3HA-
YeHy 3a ioroMororo MTT-tecty. 3anexHictb edekTy ekctpakty B. ado-
lescentis SPM0212, 110 MICTUTB CTPYKTYPHI KOMIOHEHTH Oihino0ak-
Tepiii, B BUAy TecT-kiituH, BusiBum Lee et al. (2008). Iurorokcnyna
sl CIIOCTEPIraeThCsl BIHOCHO PAKOBUX KIITHH CHITENiI0 TOBCTOrO
KUIICYHUKA Ta BiICYTHSA BITHOCHO HE BPAKCHHX HEOIUIACTUYHIM
TIPOLIECOM EMITETIATBHAX KIITHH.

Huska aBropiB 3actocyBam Alamar Blue®-Tect [u1s1 OLiHIOBAHHS
3JIaTHOCTI CIUICHOLIUTIB JI0 Tipodtidpepartii 3a i TOXiMHHX JIaKTo0aKTe-
piit (Bauer et al., 2010; Kang et al., 2016). ITpu 110My aBTOpH MaJTi Ha
yBa3i, M0 3MiHK META0OJIYHOI AKTMBHOCTI KIIITHH — I1¢ BiZIOOpaKCHHS
3MiHH iX TposidepaTMBHOI aKTHBHOCTI Ta MapKepa iMyHOTPOITHOCTI
JOCIIPKYBaHKX pedoBHH. [1i1 yac BiBYeHHs BIUHBY Jii3atiB (400500
mr/mi) Ta cynepHatanTiB L. reuteri ATCC 55730 (1o Ky IsTHBYBaIM B
cepenouii MRS i3 50 mM rinepuroM i 6e3 HpOro) Ha mporidepa-
THBHY aKTHBHICTb JIiM()OITUTIB cene3inku mumieir BALB/c ycraHoBme-
HO, IO JH3aTH Ta CyNEpHATaHTH, OTPHMaHi MICISI KyJIGTUBYBAaHHS
L. reuteri 3a BiCyTHOCTI IVIIEPHHY, BUKJINKAIOTh HE3HAUHy J0303a-
JIOKHY CTEMYJBIiro mpodideparii simdormrie (Kang et al., 2016).
CTuMyTFOBATbHUIA e(DEKT CYTICpHATAHTIB, OTPUMAHUX ITiCIS KYJIHTHBY-
BAHH JIAKTOOAKTEpili 32 MPUCYTHOCTI [VIILIEPUHY, 3HAYHO [IEPEBHIILY-
BAB HABITh €()EKT BiZIOMHX MITOTEHIB — KOHKaBaliHy A, MIiOTeHY JIaKo-
HOca, (piTOreMarTIOTHHIHY Ta JIIonosTicaxapry. IMyHOCTUMYTFOBAIIB-
HHI1 epeKT eKCTPaKTIB JIakToOaKTepii (L. fermentum, L. rhamnosus) Ha
CIUICHOLIMTY MHINICH BHSBWIM I Yac 3actocyBaHHs Alamar Blue®-
TecTy Ta iHmi gocmiavke (Bauer et al., 2010).

JIoCiDKEHHS IIMTOTOKCHYHOCTI uBuX L. reuteri Protectis DSM
17938 BinHOCHO KiIiTHH padromiocapkomu (RD) Ta emitesianbHOL KO-
JopeKTanbHOI aneHokapuHoME (Caco-2) i3 3aCTOCYBaHHSIM pe3asy-
PMH-TECTy MOKa3aJIo, IO TOAMHHA iHKYOAllis TeCT-KJIITHH 13 )KHBUMH
nakrobaxtepisvu (10" KYO) He BUKIHKae 3HAYHOT BTPATH iX XKHTTe-
3aatHOCTI (Ang et al., 2016).

BuBuenns BIUMBY pi3HIX (pakmili IUTOIUIA3MATHYHIX TICITHIIB
Ta OUIKIB B. lactis BUSIBIIIO CTUMYITFOBTHHHIA BIUTUB MOXITHUX HA MPO-
JidhepaTHBHy aKTUBHICTb CIUICHOLWMTIB y pasi 3acTocyBaHHs Alamar

Blue® sik Mapkepa wiituHHOT niportidepartii (Amrouche et al., 2006).
BupakeHicTh CTHMYJTIOBAIGHOIO BIUIMBY 3aJIGKaia Bif (pakiiii Ta
MaJla KOHLIEHTpaliiHO3Ie)KHNUH XapakTep. CTUMyTIOBaTIbHIIN eekT
JI03BOJIMB aBTOpaM 3pOOHTH BUCHOBOK, IO JIOCII/DKEHI OUIKOBO-TICTI-
THHI Ppakuii OihinodakTepiit iMyHOTOTYHO aKTHBHI.

[opiBHFOIOUM OTpHMaHi JaHi Ta Pe3yJbTaTd JAOCTIDKEHb BIUIUBY
JlepuBaTiB JIaKTO- Ta Oidimodaxrepii Ha MeTAaOONIYHy aKTHBHICTH
CIUTEHOLTIB MuIi i3 3acTocyBanmsM Alamar Blue®-recty inmmmm a-
Topamu (Amrouche et al., 2006; Bauer et al., 2010; Kang et al., 2016),
MU JIHIDUTE BUCHOBKY: €(beKT MOXIIHUX NpOOIOTHIHUX OaKTepiii 3aje-
JKUTh BIJ LITaMy, YMOB KyJIGTHBYBAaHHsI NPOOIOTHKA, CIIOCO0Y OTpH-
MaHHsI Ta Gi0XIMIYHOTO CKJTa Ty KIHLIEBOTO MPOAyKTy. PisHOCTpsiMoBa-
HHI XapakTep BIUIMBY JCPUBATYMICHHUX MPOIYKTIB HA CIUICHOLHUTH Y
HaIoMy (TIPUTHIYEHHS) TA BUILE3a3HAYCHIX JOCIIDKSHHSX (CTUMYIIS-
11i5T) MO>KHA TOSICHUTH, CIIMPAIOYNCh Ha (DyH[AMEHTAIBHY Ol0MEIITIHY
TapairMy TOPME3HCY, 3TIMHO 3 SKOK Malli J03H CTHMYJIOHTh, a
BEJIHKI — iHriGyroTs Gionoriusi mokasauke (Shafian et al., 2010). Pivo-
BIPHO, JUTsl OTPUMAHHSI CTUMYJTFOBAJIGHOTO BIUTHBY HA CIUICHOLIMTH He-
00XiziHe 3aCTOCYBaHHS MEHILNX 103 BHIPOOYBaHMX HAaMH JIepHBAT-
YMICHUX (UIBTPATIB, LIO IUIAHYETHCS MEPEBIPUTH Y MOJAIBLINX 0~
CITIJDKEHHSIX.

BucHoBku

HesBaxarouy Ha 3aCTOCYBaHHS B LIl poOOTI MOJIGTIBHIX CHCTEM,
IO BIIPI3HAIOTECS BHUKOPHCTAHHSM Pi3HMX 32  MOP(HOQYHKILO-
HaJIbHIMH BJIACTHBOCTSMH TECT-KJITHH 1 CyOCTpaTHUX PEHOBHH IS
(hepMEHTATUBHOIO BiHOBJICHHSI, XapakTep BIUIMBY JOCIIDKYBAHHX
JIepUBAaTYMICHUX (DUTBTpaTiB Ha MeTaOONIYHY AKTHBHICTH TECT-KIIITHH
TONTiOHNMI. [HTEHCHBHICT BIUIMBY JOCIIDKYBAHUX MOXITHIX MPo0io-
THYHHX OakTepiii Ha MeTabOMIYHy aKTHBHICTb TECT-KIIITHH Ma€ 3aJIeK-
HICTb Bijl KOHIICHTpAIL{l A€pPHBATHOTO IPOIYKTY y CEPEIOBHILI iHKyOa-
Iii Ta CKJIaly MOJICJIBHOI CHCTEMH (TECT-KIIITHH 1 PeIOKC-IHINKATOPa).
VYMicT QiIbTpaTiB Ae3iHTerpariB akTo- Ta Oidinodakrepiit B iHKyOa-
wiHOMy cepezoBHILi 5% Ta 10% CyTTeBO He BIUIMBAE Ha METa0ONIIUHY
AKTUBHICTh eMOpioHaNbHUX (ibpobmacTiB i cruteHorwTiB My, ITin-
BHILCHHS BMICTY 3a3Ha4eHHUX (UILTPATIB y iHKyOAL[iitHOMY CepeaIoBU-
i 710 20% CynpOBOKY€ETHCS CTATHCTIYHO JTOCTOBIPHIM 3HIDKEHHAM
MeTabOoJIYHOT aKTUBHOCTI TecT-KITHH. DimbTpaTy, SKi MiCTATh CTPYK-
TypHI Ta MeTaOONI4HI JAepHBaTH MPOOIOTUKIB, y KOHIEHTpawi 5% He
BHUK/IMKAIOTH 3HAYHUX 3MiH METa0OIIYHOI aKTMBHOCTI 000X BHIIIB TECT-
wiitiH. KoHIeHTpartis 3a3Ha4YeHrX (UIBTPATIB y CEPEIOBHII iHKYOa-
1l 10% He BIUIMBae Ha METabONIYHY aKTUBHICTH eMOPIOHAIBHUX (ib-
po0IIacTiB, asie CIPHYHHSIE 3HKCHHS BIJHOBHOTO TOTEHIATY CIUICHO-
1utiB Muii. [ligBrIeH st BMICTy B cepenoBuL iHKyOarti dinsTparis
KyJBTyp TPoOIOTHKIB, BUPOIICHNX y BIIACHHX JIe3iHTerpatax, 10 20%
CYTIPOBO/DKYETHCS 3HAYHUM MPUTHIYCHHSAM META00IYHOI aKTUBHOCTI
eMOpioHATEHUX (piOPOOIACTIB Ta CILUICHOIUTIB MUIIIL.

OrtpuMaHi pe3yibTaTH AOCIIHKEHHS IIUTOTOKCHIHOCTI Gi0JIoriuHO
aKTUBHUX JIepUBaTiB B. bifidum Ta L. reuteri CIOHYKarOTh JI0 TOATb-
III0r0 BUBYCHHSI IMYHOTPOITHOCTI JIOCITI/DKYBaHHX JICPUBATIB MPO0io-
THYHHMX OaKTepiil i MOXKyTh OYTH BHKOPHCTaHI JUTs PO3POOICHHS HO-
BHX IMyHOOIOJOTYHHX TIpeTiapaTiB JePUBATHOTO THITY.
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Introduction

Yevstafyeva, V. A., Melnychuk, V. V., Nikiforova, O. V., Suprunenko, K. V., Korchan, L. N., Lokes-Krupka, T. P., Nehre-
betskyi, 1. S., & Korchan, N. I. (2018). Comparative morphology and biology of nematodes of genus Heterakis (Nematoda,
Heterakidae), parasites of the domestic goose (Anser anser) in Ukraine. Regulatory Mechanisms in Biosystems, 9(2), 229—
236. doi:10.15421/021834

The genus Heterakis Dujardin, 1845 is one of the most widely distributed genera of nematode parasites of domestic
and wild birds. Geographically and ecologically predominant species include Heterakis gallinarum Schrank, 1788 and
Heterakis dispar Schrank, 1790. Prevalence and occurrence of these nematodes in the domestic goose (4nser anser
dom.) depend on their biological and morphological specifics which ensure the highest viability, fast growth and
maximum fertility in the host. This study presents the abundance and species composition of nematodes of the genus
Heterakis in the domestic goose in Ukraine. Comparative study of morphological and metrical characteristics of
H. gallinarum and H. dispar adult females and males is presented. Additional morphometric characteristics are
proposed for easier identification of the two species. Stages and periods of embryonic development of H. gallinarum
and H. dispar nematodes obtained from domestic geese are established according to morphological and metrical
characters. Of the two species, H. dispar is prevalent in domestic geese from Poltava, Kharkiv and Kyiv regions.
Abundance index of this species is 9.8 specimens, and intensity of infection index is up to 62 specimens. H. gallinarum
is rarer, its abundance index is 1.2 specimens and maximum intensity of infection is 30 specimens. Species-specific
morphological differences are more distinct in male nematodes in the size and structure of the spicules, lateral wing-like
protrusions of pseudobursas, numbers and position of tail papillae. Additional metrical characteristics differ between
H. gallinarum and H. dispar nematodes, allowing us to identify not only adult specimens but also eggs. Embryonic
development of both species occurs in four morphologically distinct stages: protoplast, blastomere cleavage, formation
of first and second stage larvae. Eggs of H. gallinarum nematodes become infectious in eight days at 27 °C, eggs of
H. dispar in four days, their viability in laboratory culture is 84.3 + 0.58 and 91.3 + 1.53% respectively.

Keywords: heterakiasis, Heterakis gallinarum; Heterakis dispar; identification characters; embryogenesis; metrical parameters

Heterakis have been found in domestic birds (chickens, turkeys and
geese) with prevalence ranging 2.9-100.0% (Bogach & Taranenko,

Nematodes are one of the leading groups of animals on Earth. Their
expected diversity may well equal a million species, and most known
species can parasitize in humans, animals and plants (Blaxter et al.,
1998; Castagnone-Sereno & Danchin, 2014). Parasitic nematodes are
essential components of biocoenoses; they utilize a lot of energy in
ecosystems and can regulate the abundance of their hosts (Bongers &
Ferris, 1999; Lok, 2016; Viney, 2017). Nematodes are the most widely
distributed parasites of domestic and wild animals, and the genus
Heterakis Dujardin, 1845 includes especially common and prevalent
parasite species. Representatives of the genus have been found in
domestic chickens in West and South Africa (Phiri et al., 2007; Ogbaje
et al., 2012), Great Britain (Pennycott & Steel, 2001) and Germany
(Kaufmann et al., 2011; Wongrak et al., 2014), in Colinus virginianus,
Branta bernicla nigricans, Chen caerulescens caerulescens, Chen rossii
and Anser albifrons in USA (Moore & Simberloff, 1990; Shutler et al.,
2012; Amundson et al., 2016; Boone et al., 2017), in wild migratory
birds and domestic waterfowl in South Asia (Hoque et al., 2014), and in
birds of the families Psittacidae, Cacatuidae, Phasianidae and Anatidae
in Spain (Cordén etal., 2009). In Ukraine, nematodes of the genus
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2003; Zaikina & Marshalkina, 2015).

Heterakis gallinarum Schrank, 1788 is a typical and most common
species in domestic and wild terrestrial birds (Gallus gallus dom.,
Numida meleagris, Meleagris gallopavo, Coturnix coturnix) represent-
tative of the genus (Tompkins et al., 2000; Brener et al., 2006; Sherwin
et al, 2013; Al-Moussawi, 2016). In waterfowl (4nser anser dom.,
Anas platyrhynchos dom.), Heterakis dispar Schrank, 1790 is the most
characteristic and common species (Gicik & Arslan, 2003; Fedynich
etal.,, 2005).

It was however proved that terrestrial birds can be infected with
H. dispar, and waterfowl with H. gallinarum. Hence, these parasites can
adapt to uncharacteristic hosts, especially in areas where different bird
species are kept or found together (Avcioglu et al., 2008; Hoque et al.,
2011; Wang et al., 2012; Kormnas$ et al., 2015). There are a few reports of
these parasitic species being found together in waterfowl (Harradine,
1982; Dube et al., 2010; Nagwa et al., 2013).

Adult H. gallinarum and H. dispar nematodes are differentiated by
morphological specifics of the tail ends in males, namely the shape and
length of spicules and the number of tail papillae. Other morphological
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characters are very similar, especially in females which can be conside-
red identical (Abou Znada, 1993; Rahman & Manap, 2014; Sheikh
etal., 2016). There are also diagnostically important metrical species
characters, such as length and width of body, size of bulbus and
esophagus. In males, other characters include size of preanal sucker,
distance from anus to tail end and various parameters describing the
position of tail papillae in relation to each other and to other body parts.
Metrical characters of females include size of eggs in the vulva and
position of the vulva. At the same time, data on metrical characters by
different authors for one parasite species from different avian species
vary (Avcioglu et al., 2008; Park & Shin, 2010; Tanveer et al., 2015).

Helminth abundance in general and that of H. gallinarum and
H. dispar in particular in waterfowl populations depends on specifics of
parasite biology and their maximum adaptation to the widest variety of
hosts. Life cycles of the two parasite species are direct. Embryogenesis
of H. gallinarum is researched relatively better, while development of
H. dispar eggs is a subject of few studies (Clapham, 1933; Roberts,
1937; Madsen, 1950; Skrjabin et al., 1961).

Notably, nematodes of the genus Heferakis as other parasitic
organisms are constantly evolving, which is a process associated with
morphological, metrical and biological changes. Thus, morphology and
biology of Heterakis nematodes should be studied in different species
from varying climatic and geographic conditions. Also, new approaches
should be implemented in studies of identifying characters in different
taxa of the genus. The purpose of this work was to study the fauna,
abundance, morphological and biological species-specific characters of
nematodes of the genus Heterakis which parasitize domestic geese
(Anser anser dom.) in Ukraine.

Materials and methods

The studies were conducted in 20162017 at the Laboratory of
Parasitology and Veterinary-Sanitary Expertise of the Department of
Veterinary Medicine of Poltava State Agrarian Academy. Material for
species identification, abundance and parasitological analysis of nema-
todes of the genus Heterakis was collected during helminthological
investigation of the intestine of 463 domestic geese (Skrjabyn, 1928)
from Poltava, Kharkiv and Kyiv regions. Abundance, occurrence and
intensity of infection were used to quantify numbers of Heferakis
nematodes. The roundworms were identified according to Skrjabyn et
al. (1961). In morphological analysis, 568 specimens of the species H.
gallinarum (173 males and 395 females) and 4,541 specimens of the
species H. dispar (3,077 males and 1,464 females) were used.

Biological specifics of embryogenesis of H. gallinarum and H. dis-
par in culture were studied on eggs collected from the gonads of female
nematodes. The eggs were cultured to the infectious stage with the
second stage larvae in a Petri dish for 10 days in a thermostat at 27 °C.
The cultures were examined daily under a light microscope. Embryonic
stage of development and morphological characteristics were studied.
Eggs that stopped developing or were destroyed were also noted. Each
experiment was performed in triplicate.

To measure metrical characteristics of adult and embryonic nema-
todes of the genus Heterakis, ImageJ for Windows™ (version 2.00)
software was used in interactive mode using 5°, 10”, 40" objective and
10" photo eyepiece. To calibrate the image analyzer, the ruled scale of
an ocular micrometer was coincided with the scale of stage micrometer
included in MikroMed microscope kit. Microphotographs were taken
using a digital camera of MikroMed (China) microscope.

Standard deviation (SD) and average values (x) were calculated.
Significance of difference between average values in studied groups of
nematodes was established using one-way analysis of variance and
F-test for P <0.05 confidence level.

Results

The genus Heterakis in domestic geese from Ukraine is represented
by two species, H. gallinarum and H. dispar. The latter is more
common, its prevalence in studied birds was 68.4%. The species
H. gallinarum was less common, found in 16.4% of studied birds.

Abundance of both nematode species also varied. Index of Abundance
for H. dispar was up to 9.8 specimens, intensity of infection was 14.3
specimens in average (ranging from 1 to 62 specimens). The abundance
of H. gallinarum in geese was much lower, 1.2 specimens with average
intensity of infection 7.4 specimens (ranging from 1 to 30 specimens).
Helminthological investigation revealled adult male and female
nematodes of the genus. Females were almost twice as common as
males in both species. Their ratio ranged from 2.1 : 1 (for H. dispar) to
2.2 :1 (for H. gallinarum).

Comparison of morphological characters of H. gallinarum and
H. dispar from domestic geese revealed differentiating characteristics
that are more distinct in males. The two species are in general visually
identical. The mouth at the head ends of both female and male
nematodes of either species is surrounded by three indistinct lips. The
esophagus consists of three parts: short pharynx, cylindrical middle part
and bulbus. The head end can be slightly curved (Fig. 1).

Fig. 1. Head end of nematodes of the genus Heterakis,
isolated from geese: / —lips, 2 — pharynx,
3 —cylindrical part of esophagus, 4 — bulbus

Females of both species were visually identical. The tail end is
elongated, gradually tapered. The anal opening is at the posterior part of
body (Fig. 2d). The vulva of H. gallinarum female is located in the
middle of the body. There are three bends in the vagina after the vulva,
angled posteriorly, anteriorly and once again posteriorly (Fig. 2b). The
vulva of the H. dispar female is located in the posterior part of body.
Another characteristic feature is presence of small wart-like cuticular
protrusions in the vulval area. The vagina has bends that are less
pronounced than in H. gallinarum females (Fig. 2a). In both species, the
vagina is connected to two opposing uteri. The uteri contain oval eggs
with distinct two-contour shells (Fig. 2¢).

The main species characters of the studied males were specifics of
spicule size and structure, and numbers and position of tail papillae.
Male H. gallinarum have stylet-like tail end and pseudobursa with well-
developed lateral “wings” that smoothly taper. The left spicule is signifi-
cantly longer than the right, and has a tapered sharp end. The right short
spicule is larger, has wing-like protrusions, its distal end is partly coarse,
gradually tapered to a pointy hook. Gubernaculum is absent (Fig. 3).

Twelve pairs of tail papillae are located at the tail end (four postanal
pairs, six adanal pairs, two preanal pairs) and one medial unpaired
precloacal papilla. The preanal sucker is easily seen, round, well-
developed, surrounded by a chitinized ring (Fig. 4).

The tail pseudobursa of H. dispar males also consists of lateral
wings. However, they are smaller than in H. gallinarum and have wavy
edges that follow the shape of the tail papillae, which support the wings.
The tail ends into a stylet-like protrusion. Two spicules are visually
equal. The proximal ends of both spicules are wide and blunt. Distally,
spicules taper to sharp ends. The gubernaculum is absent. Males of
H. gallinarum similarly to H. dispar males have round preanal suckers
with a well-developed chitinized ring and an unpaired medial papilla.
Distinctively, H. dispar males have 13 pairs of tail papillae: four preanal
pairs (two pairs of stalked papillae at the sides of the sucker, and two
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lateral pairs of papillae supporting the anterior part of the pseudobursa),
four adanal pairs of papillae (two pairs of unstalked papillae at the sides
of the anus and two lateral pairs of large papillae that support the middle
of the pseudobursa), five postanal pairs of papillae (one pair of large
papillae lateral to the anus; one pair of averagely sized papillae directly
behind the former; three pairs of small papillae grouped together at the

divide between the tail end and tail protrusion) (Fig. 5). Hence, the
metrical parameters of adult females and males of H. gallinarum and H.
dispar are significantly different, which is very important in species
identification. For males of these species, 20 morphological parameters
were found, 19 of which are significantly different and can be
considered as taxonomic characters (Table 1).

Fig. 2. Q Heterakis from geese: a — H. dispar vulval area, I —vaginal bends, 2 — cuticular protrusions;
b— H. gallinarum vulval area, 3 — vaginal bends; ¢ — eggs in uterus; d — tail end, 4 — anus

Fig. 4. Tail end of 3 H. gallinarum: 1 —preanal sucker; a —position of two preanal pairs of papillae; b —medial unpaired papilla; 2 —wings of
pseudobursa; 3 —anus; 4 — stylet-like protrusion; 5 — position of six pairs of adanal papillae; 6 — position of four pairs of postanal papillae
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Fig. 5. Tail end & H. dispar: 1 —left spicule; 2 —right spicule; a — proximal end of spicule, b — distal end of spicule; 3 — preanal sucker,
¢ — position of four preanal pairs of papillae, d — medial unpaired papilla; 4 — lateral wing of pseudobursa; 5 — stylet-like protrusion;
6 —position of four adanal pairs of papillae; 7 — position of five postanal pairs of papillae

Table 1
Morphometric characters of 3 H. dispar and H. gallinarum (n=20)
H. dispar H. gallinarum

Characters x£SD Min ___ Max x£SD Min ___ Max

Length of body, mm 13.36+0.98 11.58 15.67 8.26+1.14* 6.12 10.25
‘Width of body:
—at bulbus, mm 041+0.03 0.37 046 0.27+0.03* 023 032
—in the middle, mm 0.39+0.02 036 042 0.31+0.03* 027 0.38
—at base of wings of pseudobursa, mm 0.31+0.02 0.28 0.34 0.22+0.02* 0.19 0.25
Width of pseudobursa wings at:
— preanal sucker, mm 0.32+0.02 029 035 0.24+0.01* 021 026
—adanal papillae, mm 0.30+0.02 027 0.33 021+0.01* 0.19 024
— first pair of postanal papillae, mm 0.12+0.01 0.10 0.14 0.12+0.02 0.10 0.15
— the maximum width of first pair of postanal papillae, mm 0.34+0.02 031 0.38 0.28 £0.02* 025 031
— division between tail end and tail protrusion, mm 0.07+0.01 0.06 0.08 0.06+0.01* 0.05 0.07
Sucker diameter, pm 149.58 +5.03 140.88 158.69 76.00 +3.95% 69.98 82.15
Length of medial unpaired papilla, um 13.69+1.69 11.05 16.01 11.23+0.80* 9.67 12.19
Width of medial unpaired papilla, um 1201 +£1.54 942 14.39 5.64+0.83* 4.12 6.98
Distance from preanal sucker to tail end, mm 0.57+0.06 044 0.67 0.63 £0.02* 0.59 0.67
Length of left spicule, mm 0.39+0.02 0.37 042 2.27+0.23* 1.92 2.85
Width of left spicule:
—at proximal end, pm 2933+1.01 27.15 30.85 43.64+2.77* 38.14 4722
—in the middle, um 2542+1.03 23.61 2744 21.94+2.10* 19.54 2633
Length of right spicule, mm 040+0.01 038 042 0.66+0.07* 0.55 0.77
‘Width of right spicule:

—at proximal end, pm 3030+1.34 28.16 3245 25.04+1.76* 2245 28.15
—in the middle, um 2740+129 22.66 2733 13.77£127* 12.00 16.33
Left to right spicule length ratio 099:1 0.88:1 1.11:1 347:1* 2.82:1 475:1

Note: * —P <0.05 compared to values for H. dispar.

According to the metrical data, the values of most parameters
(73.6%) in H. gallinarum males are significantly lower than in H.
dispar. For example, H. gallinarum males are shorter (by 38.2%, P <
0.05) and narrower in different parts of body (by 20.5-34.1%). The
wings of the pseudobursa in H. gallinarum males are narrower by 14.2—
30.0% (P < 0.05) than in H. dispar. However, in other areas of the
pseudobursa, width parameters are not significantly different for these
two species. For example, width of wings of the pseudobursa measured
at the level of first postanal papillae is similar in H. gallinarum and H.
dispar (0.12 + 0.02 and 0.12 + 0.01 mm, relatively). Other characteristic
metrical differences in H. gallinarum are the two times smaller preanal
sucker (P < 0.05) and smaller medial unpaired papilla (17.9-53.0%, P <
0.05). In this species, the preanal sucker is located farther from the tail
end (by 9.5%, P < 0.05) than in H. dispar. Due to morphological
differences, males of the two species differ in length of the left spicule,

which is confirmed by measurements. In H. gallinarum average length
of the left spicule was 2.27 + 0.23 mm, which is 5.8 times longer (P <
0.05) than in H. dispar (0.39 = 0.02 mm). Males of the different species
are also significantly different by the following parameters: width of left
spicule, size of right spicule. The proximal end of the left spicule in H.
gallinarum is wider (by 32.7%, P < 0.05) and its middle is, conversely,
narrower (by 13.6%, P < 0.05) compared with H. dispar. The right
spicules for the two species are visually equal but are statistically
different by measurements. The right spicule of male H. gallinarum is
longer by 39.3% (P < 0.05) and narrower by 17.3-49.7% (P < 0.05)
than that of H. dispar. Respectively the ratios of lengths of right to left
spicule are 3.47 : 1 in H. gallinarum and 0.99 : 1 in H. dispar and are
significantly different (P < 0.05). Females of H. gallinarum and
H. dispar are significantly different by 14 morphological parameters
which can make their species identification easier (Table 2).
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Table 2
Morphometric characters of Q H. dispar and H. gallinarum (n=20)

H. dispar H. gallinarum

Characters X£SD Min ___ Max x£SD Min ___ Max

Length of body, mm 1643 +1.80 13.18 19.25 9.41 +0.89* 7.60 11.08
Width of body:

—at bulbus, mm 0.51+0.06 039 0.62 0.34+0.03* 0.28 040
—in the middle, mm 0.58+0.04 0.52 0.65 0.37+0.03* 032 042
—at vulval area, mm 042+0.02 0.38 046 0.35+0.03* 0.30 041
—at anus level, mm 0.19+0.01 0.18 021 0.13+0.02* 0.10 0.16

Distance:
— from vulva to the last cuticular protrusion, pm 0.38+0.04 032 048 - - -
— from anus to tail end, mm 0.87+0.04 0.78 0.92 1.17 +£0.05* 1.09 1.28
— from head end to vulva, mm 9.50+0.92 8.19 11.12 435+£037* 3.19 498
— from vulva to tail end, mm 6.93+094 494 825 5.06+0.68* 3.63 6.52
— from vulva to anus, mm 8.63+0.92 727 10.28 3.18+£037* 207 3.86
Egg length, um 68.34+1.52 65.73 7125 66.58 +1.57* 63.55 69.33
Egg width, pm 4624+1.17 4425 4798 39.01+£0.48* 38.18 39.85
Eggshell width, pm 1.84+0.07 1.73 1.96 1.59+0.16* 122 1.82
Area of inner egg surface, um’ 1798 +57 1713 1910 1728 + 56* 1614 1874

Note: * —P <0.05 compared to values for H. dispar.

Values of metrical indices of H. gallinarum females are lower than
those of H. dispar, similarly to males. The differences are even more
statistically significant in females (100%) than in males (73.6%).
Females of H. gallinarum are shorter (by 1.7 times, P < 0.05) and con-
sistently narrower (by 1.2—1.6 times, P < 0.05) compared to H. dispar
females. Another characteristic difference is the position of the vulva
relative to the tail and head ends. In H. gallinarum females, the vulva is
positioned almost at the middle of the body, and in H. dispar females it
is positioned nearer to the tail end. The latter species is also
characterized by cuticular protrusions near the vulva. Hence we suggest
the distance between the vulva and the last cuticular protrusion (0.38 +
0.04 pm) as a metrical index. The distance between vulva and anus in
H. gallinarum females was shorter by 2.7 times (P < 0.05) than in H. dis-
par females. Visually, eggs of both nematode species were very alike,
however their measurements were statistically different (P < 0.05). All
studied egg parameters in H. gallinarum nematodes were lower compa-
red to H. dispar. Eggs from gonads of H. gallinarum females were
shorter (by 2.6%) and narrower (by 15.6%), their eggshell was thinner
(by 13.6%), and inner egg surface areca was lower (by 3.8%) than in
eggs from uteri of H. dispar females.

The four stages of embryogenesis of H. gallinarum and H. dispar at
27 °C in laboratory culture are protoplast (Fig. 6a), blastomere cleavage

(Fig. 6b), formation of first stage larvae, L1 (Fig. 6¢), and second stage
larvae, L2 (infectious egg) (Fig. 6d). Infectious eggs developed in
H. gallinarum in eight days, in H. dispar in four days. Viability of
H. dispar nematode eggs during embryogenesis was 91.3 + 1.5% and
was higher than in H. gallinarum (84.3 = 0.6%) (Fig. 7).

All of isolated egg cultures (100%) were at the protoplast stage.
Though the later embryonic development was similar in both species, it
varied quantitatively. On the second day culture, 72.7 + 2.5% eggs of
H. gallinarum were at the blastomere cleavage stage while 55.0 + 1.7%
eggs of H. dispar contained L1. Also in the second day culture, 23.7 +
2.1% of eggs of the latter species contained L2 and were therefore
infectious. Development of H. gallinarum was longer in comparison: at
the fourth day of culture, 55.0 + 1.7% of eggs contained L1. Later, in
the sixth to eighth day cultures, numbers of infectious eggs of H. gal-
linarum increased from 52.7 + 1.5 to 84.3 £ 0.6%. The development of
15.7 £ 0.6% of H. gallinarum eggs and 8.7 + 1.5% of H. dispar eggs
was not successful and they gradually decayed. Morphologically this
manifested as broken egg shells, resorption of embryos, air bubbles under
egg shells.

Metrical parameters of eggs also changed during embryogenesis.
However these changes are very different in H. dispar and H. gallinarum
which can also be used in species identification (Table 3).

50 um
al =
Fig. 6. Embryonic stages of development of Heterakis nematodes from domestic geese:
a—protoplast, b — blastomere cleavage, ¢ — L1 formation, d — L2 formation (infectious egg)
Table 3
Morphometric parameters of developing Heterakis gallinarum and H. dispar eggs in experimental culture (x + SD, n= 20)
. Heterakis dispar Heterakis gallinarum

™ Protoplast stage L2 stage Protoplast stage L2 stage
Length, pm 68.29 +1.46 69.37 +1.84* 66.70+1.99 64.93+1.78"
Width, pm 46.10£1.65 39.02 £ 147* 38.59+0.87 39.44+0.92"
Eggshell thickness, um 1.85+£0.09 1.71+0.10* 1.60+0.16 1.59+0.14
Area of inner egg surface, pum’ 1786+ 79 1695 + 65* 1711+ 67 1739+ 75

Note: * " —P <0.05 compared to values of eggs at protoplast stage.
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Fig. 7. Embryonic stages of development of Heterakis gallinarum (a) and H. dispar (b) in experimental culture in vitro:
P —protoplast, BC — blastomere cleavage, L1 — formation of first stage larva, L2 — formation of second stage larva (n = 100)

Eggs of H. dispar cultured from protoplast stage to L2 lengthened
(by 1.6%, P < 0.05), became narrower (by 15.4%, P < 0.05), and lost
7.6% of their eggshell thickness (P < 0.05) and 5.1% of inner egg
surface area (P < 0.05). Length and width of H. gallinarum eggs
changed during embryonic development, L2 eggs were shorter (by
2.7%, P < 0.05) and wider (by 2.2%, P < 0.05) compared to protoplast
stage, but their eggshell thickness and inner egg surface area did not
change. Such changes are connected to different biological species
specifics, and possibly to specifics of viability and ability to adapt to
nonspecific hosts.

Discussion

There are two species of the genus Heterakis parasitizing in domes-
tic geese from Poltava, Kharkiv and Kyiv regions of Ukraine. One of
them is a specific parasite of geese, H. dispar, another, H. gallinarum, is
mostly adapted to parasitizing in terrestrial birds. The species H. galli-
narum was found in domestic geese for the first time in Ukraine.
According to many studies, the latter species is widely distributed in
domestic, synanthropic and wild terrestrial birds all over the world
(Menezes et al., 2001; Malatji et al., 2016; Wuthijaree et al., 2017).
In our opinion, H. gallinarum adapted to parasitizing geese that were
cross-infected when kept together with chickens and turkeys. Density
indices also indicate that H. dispar nematodes are better adapted to
parasitizing domestic geese. The maximum occurrence index of H.
dispar was 68.4%, maximum abundance was 9.8, maximum intensity
of infection was 62 specimens per host. Density of H. gallinarum
nematodes in domestic geese was significantly lower and was 16.4%,
1.2 and 7.4 specimens per host, respectively. There are many reports of
specificity of H. dispar to waterfowl and H. gallinarum to terrestrial
birds (Skrjabin et al., 1961; Fedynich et al., 2005; Sherwin et al., 2013).
However there are several studies showing adaptation of both species to
waterfowl and terrestrial birds, especially if hosts are kept or found
together (Wang et al., 2012; Nagwa et al., 2013; Komas$ et al., 2015), in
accordance to our results.

Comparative analysis of morphological and metrical characteristics
of adult male and female H. gallinarum and H. dispar nematodes
resulted in new data on their morphometric structure that can facilitate
the species identification. Morphologically, male Heterakis nematodes
are more distinct. Males of H. dispar have two almost equal spicules
and 13 specifically positioned pairs of tail papillae. The lateral wings of
their pseudobursas have wavy edges.The left spicules of H. gallinarum
males are visually longer than the right spicules, there are only 12 pairs
of tail papillae, and the lateral wings of the pseudobursa are
symmetrically arched. Microscopy study of the structure and position of
tail papillae in males of those species shows significant differences. In
H. dispar there are four preanal, four adanal, and five postanal pairs of
papillae. In males of H. gallinarum there are two preanal, six adanal,
and four postanal pairs of papillae. The position of one unpaired medial
papilla is same in both species. These distinct characters in males of
both species are confirmed in long-term morphological studies of H.
gallinarum nematodes obtained mostly from domestic terrestrial birds

and H. dispar nematodes obtained mostly from waterfowl (Abou
Znada, 1993; Rahman & Manap, 2014; Sheikh et al., 2016). Females
are more morphologically similar. We found additional species specific
characters of female nematodes, namely cuticular protrusions near the
vulva in H. dispar, and shape and position of the vaginal bends.
In H. dispar females, the vaginal bends are shorter and intersecting.
In H. gallinarum females they are significantly longer and easily seen in
one plane. These morphological characters can be used if male nemato-
des are absent in a sample, which is a common situation.

Comparison of metrical parameters of adult H. gallinarum and
H. dispar nematodes resulted in 19 parameters in males and 14 in fema-
les by which the species statistically differ (P < 0.05). By most measure-
ments (73.6%) of male and by all measurements (100%) of females
H. gallinarum nematodes are smaller than H. dispar specimens.
However, our metrical data on H. gallinarum obtained from domestic
geese differ from those for specimens obtained from domestic terrestrial
poultry. For our specimens, average length of body was 8.26 + 1.14 mm
for H. gallinarum males, and 9.41 + 0.89 mm for females; width of
body ranged from 0.22 + 0.02 to 0.31 + 0.03 mm in males and 0.13 +
0.02 to 0.37 + 0.03 mm in females. According to other studies, length
and width of body can vary from 5.0 to 10.0 mm and 0.2 to 0.3 mm in
males, and from 6.0 to 13.2 mm and 0.2 to 0.4 mm in females of the
species (Abou Znada, 1993; Al-Moussawi, 2016; Sheikh et al., 2016).
Measurements of Heferakis nematodes obtained from different birds
reportedly can vary significantly due to their adaptive variability to more
or less suitable hosts (Madsen, 1950). Only a few studies deal with
metrical characteristics of H. dispar. According to those, the length and
width of males range from 10 to 15 mm and from 0.36 to 0.38 mm, and
from 15 to 17 mm and 0.45 to 0.47 mm in females, respectively (Mad-
sen, 1950; Skrjabin et al., 1961; Avcioglu et al., 2008). In our study,
average length of body was 13.36 & 0.98 mm and width of body 0.31 +
0.02 — 0.41 £+ 0.03 mm in male H. dispar specimens, and for females
the respective values were 16.43 + 1.80 mm (length of body) and from
0.19£0.01 to 0.58 + 0.04 mm (width of body at different areas).

Laboratory cultures revealed that eggs of H. gallinarum and
H. dispar have very similar embryonic development. According to
morphological characters, there are four stages of embryonic develop-
ment: protoplast, blastomere cleavage, formation of L1 and L2 (infec-
tious egg). The egg at the protoplast stage was filled with amorphous
mass. At the stage of blastomere cleavage, the protoplast was actively
cleaving into round blastomeres. At L1 stage, a mobile though grainy
and nebulous larva of indistinct shape was observed. AtL2 stage, the
larva was mobile, distinctly structured, with graininess in the middle.
These data are in line with the published morphological data on egg
development of Heterakis, however the stages of embryonic develop-
ment had not been described before. Comparative study of embryoge-
nesis of H. gallinarum and H. dispar revealed that eggs from gonads of
H. dispar females become infectious at 27 °C in four days with 91.3 +
1.5% viability. Eggs from gonads of H. gallinarum females developed
at the same temperature to infectious stage longer, in eight days with
843 £ 0.6% viability. Reports on the duration of development of
infectious eggs in H. gallinarum and H. dispar vary significantly.
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According to one study, H. gallinarum eggs at 33 °C become infectious
at the fifth day of embryogenesis and at 27 °C at the seventh day
(Roberts, 1937). At 25 to 30°C, embryogenesis of H. gallinarum in the
external environmenst is reported to last from 12 to 17 days (Skrjabin et
al,, 1961). The biology of H. dispar is insufficiently studied, there are
but a few reports according to which infectious eggs develop in five to
six days at 2024 °C (Hildenblat, 1956). We also found that metrical
parameters of H. gallinarum and H. dispar eggs during embryogenesis
were significantly different. The development of H. dispar eggs obtain-
ned from gonads was associated with more changes. They slightly (by
1.6%) lengthened, became narrower (by 15.4%), the eggshell became
thinner by 7.6%, inner egg surface area decreased by 5.1%. In our
opinion, these changes sustain the high viability of developing eggs.
Metrical characteristics of H. gallinarum eggs did not change greatly
during embryonic development. The eggs became shorter (by 2.7%)
and wider (by 2.2%). Our data on the duration of development of
infectious eggs and their viability can be used in species identification
by eggs, if adult helminths are not observed in coprological surveys.

Conclusion

In Ukraine, there are two species of the genus Heferakis which are
adapted to parasitizing domestic goose (Anser anser dom.), H. gallina-
rum and H. dispar. The latter species is more prevalent (occurrence and
abundance indices were 68.4% and 9.8 specimens, respectively). Males
of H. gallinarum amd H. dispar can be differentiated by morphological
characters including length and structure of spicules, number and posi-
tion of tail papillae. Morphological characters used in species identifica-
tion of females are the shape and position of the bends of the vagina,
and in H. dispar, presence of cuticular protrusions near the vulva.
Nineteen statistically different metrical parameters in males and 14 in
females are proposed to assist in differentiation between H. gallinarum
and H. dispar species.

There are four stages in embryonic development of H. dispar and
H. gallinarum nematodes: protoplast, blastomere cleavage, L1 and L2
formation. The stages are morphologically distinct. Eggs of H. dispar
become infectious in fourth day culture at 27 °C, and are highly viable
(91.3%). Embryonic development of H. gallinarum eggs occurs in eight
days, and the average egg viability is 84.3%. The two species differ by
changes in egg metrical parameters during embryonic development.
In H. dispar, significant changes are observed in length and width of
eggs, eggshell thickness and inner egg surface area, while in H. gallina-
rum they are found only in the length and width of eggs. These data add
to our understanding of the biological specifics of nematodes of these
two species parasitizing in the domestic goose.
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Received ;";g;gf)%) " Lobelia dortmanna L. is one of the few rare, slowly growing relic plants occupying areas of the littoral zone of water
Accepted 02.04.2018 bodies with low nutrient content and subject to wave action. Even in such difficult conditions, this plant successfully passes

its entire life cycle, actively blossoms and fruits. That is why the peculiar features of the individual development of this
1. D. Papanin Institute for Biology plant in various geographical conditions is a matter of great interest. For the first time, this study considers in detail the
of Inland Waters RAS, Borok, ontogeny of the genet of L. dortmanna in oligotrophic lakes of Tver oblast. Detailed characteristics of the following age
Nekouz District, Yaroslavl stages of individuals are given: resting seeds, seedlings, juvenile, young and adult vegetative, latent generative, middle-aged
Region, 132742, Russia. and old generative and quasisenile plants. It is shown that the transition to the juvenile age stage occurs at the end of the first
Cherepovets State University, year of life, the virginile age stage lasts two years, and the generative stage of development occurs in the fourth year of life.
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Cherepovets, 162600, Russia. year of life. The establishment and further development of the generative organs of the plant and associated change in the
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E-mail: panovaeg@mail.ru growth of the main shoot from monopodial to simpodial occurs in the fourth year of life. At the same time, the branching of
the main shoot begins by formation in the axils of the uppermost assimilating leaves (the last in front of the apical
inflorescence) — 1-2 lateral rosette shoots. These are future ramets (vegetative diasporas), which ensure, in the future, the
vegetative reproduction of the individual and spread to new territories. Taking into account that in lakes of Tver oblast,
Lobelia groupings form dense aggregated clusters on the bottom, the transition of individuals to a quasisenile age state
(in the fifth year of life) enables them to rejuvenate and survive after the death of the maternal shoot. The formation and
further development of rosette lateral shoots allows the plant to re-occupy the territory via vegetative or seed propagation.
Complete morphological disintegration (vegetative reproduction) occurs in the fifth year of life. The genets’ ontogeny is
completed by the formation of a compact clone from the detached lateral rosette shoots.

Keywords: individual development; periods of ontogenesis; age states of individuals; oligotrophic lakes

Omnrorene3 renerbl go6eaun Jloprmanna (Lobelia dortmanna)
B 03€PHBIX IKOCHCTEMAX

A. T Jlarmpos*, E. A. Bemsiko * **, O. A. JlebeneBa*

*Uncmumym ouonozuu enympennux 600 umenu M. /1. [lananuna PAH, bopoxk, Poccus
**Yepenoseyxuil cocyoapcmeennvlii ynusepcumem, Yepenosey, Poccus

Jlobemus Jloprmanna (Lobelia dortmanna L.) — 0IHO U3 HEMHOTHX PEIKHX, MEUICHHO PACTYIMX PEMKTOBBIX PACTCHUH, 3aHUMAOIIMX YYaCTKH
JIUTOPAJIHON 30HBI BOJOEMOB C HU3KUM COJEP/KAaHUEM IMHUTATEIBHBIX BEIIECTB U MOABEPKEHHBIX BOJTHOBOMY JEHCTBHIO. Jlake B TaKMX CIIOXKHBIX
YCIIOBHSIX 3TO PACTEHHE YCIICHIHO MPOXOAUT BECh XKM3HEHHBIH LMK/, aKTUBHO LIBETET M IUIOJOHOCHT. MIMEHHO MOSTOMY INPUCTAIBHBIN HHTEpeC
BBI3BIBAIOT OCOOCHHOCTH WHJMBHIYATGHOTO Pa3BHTHS 3TOrO PACTCHHMS B PA3NIMYHBIX reorpauueckux YCIoBWsAX. B pabore BrepBble MOApOGHO
paccMOTpeH OHTOreHe3 TeHeThl Jiobemmu J[opTMaHHa B OMroTpodHbIX 03epax TBepckoid obnactu. [laHa pa3BepHyTast XapaKTepHCTHKA CIISTyOLIIM
BO3PACTHBIM COCTOSIHMSIM OCOOEii: TOKOSIIIMECs: CeMEeHa, MPOPOCTKH, FOBEHWIbHBIE, MOJIOIBIE M B3DOCIbIC BEr€TATHBHBIC, CKPBITOICHEPATHUBHBIC,
CPEeIHEBO3PACTHBIC U CTapble I'eHEePaTHBHbIC M KBAa3HCEHWIbHBIE pacTeHus. [10ka3aHo, 4To repexo/] B IOBEHHIIBHOE BO3PACTHOE COCTOSIHHE HAaOIO1aeTcst
B KOHIIC [IEPBOTO IoJla KU3HU, BUPTHHIUIBHOE BO3PACTHOS COCTOSHUE JUTUTCS B TCUCHVEC ABYX JIET, a TCHEPATHBHBIA JTall PasBHTHS HACTYIACT Ha
YeTBepThIi roj xku3HU. CMeHa XapakTepa pocTa PO3ETOYHOTO IVIABHOTO robera JIOOeIMH ¢ OPTOTPOITHOrO Ha aHM3OTPOITHBIH IPOMCXOIUT Ha BTOPOM
rofly JKM3HH. 3aJIKeHHE W JaIbHEHIee pa3BUTHE I'€HEPATHBHBIX OPraHOB PACTEHUsI W, CBS3aHHAs C THM, CMEHA HapacTaHMsl IJIABHOrO rodera ¢
MOHOIIOIMATEHOIO Ha CHMITOJIUATIBHOE OCYILIECTBIICTCS Ha YETBEPTOM TOJTy XKH3HH PacTeHus. B 9To ke BpeMsi HaunHAeTCs BETBIICHHE IIIABHOTO rodera
3a cueT (hPOpPMHUPOBAHKA B [A3yXaxX CaMbIX BEPXHHX aCCUMILTHPYIONIUX JICTHEB (IIOCICTHIX Hepell BEPXYIISUHbIM COLBETHEM) OTHOTO — IBYX OOKOBBIX
PO3eTOUHBIX 1MOOeroB. J10 Oyayliue pamers! (BereTaTHBHbBIE UACTIOPHI), 0OCCIICUNBAIONIME, B JAJbHEHIIEM, BET€TATHBHOE Pa3MHOKEHHE OCOOU U
3aXBaT HOBBIX TEPPUTOPHUI. YuWTbIBas TO, YTO B O3epax TBEpCKOH OOJACTH IPYNIHUPOBKH JI0OENMM 0Opa3yloT Ha JHE BOJIOEMOB IUIOTHBIE
arperupoBaHHbIC CKOIUICHYIS, NIEPEXO 0coOeil B KBA3UCEHIIBHOE COCTOSHHE (Ha IIITOM TOJly SKHM3HH) AT BO3MOKHOCTD M OMOJIOJIUTECS U BBDKHTD
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Tocye THOeH MaTepHHCKOro nodera. GOpMUPOBaHKE U JAbHEHIee pasBUTHE PO3CTOUHBIX OOKOBBIX II0OETOB IIO3BOJIIOT PACTECHHIO BHOBb 3aHATH
TEPPUTOPHIO BEreTaTUBHBIM HIIH CeMeHHBIM myTeM. [lomHas mMopdonorudeckast ne3uHTerpaiyst (BEreTaTiBHOS Pa3MHOXKCHHE) HACTYIACT Ha MSATOM
rofy *u3HU. OHTOreHe3 reHeThl 3aBepIIaeTCsi 00PA30BaHMEM KOMITAKTHOTO KJIOHA M3 OT/IEMBIIMXCS OOKOBBIX PO3ETOYHBIX OOECTOB.

Knioueswie cnosa: nHAMBUIYaNbHOE Pa3BUTHE; IEPUO/IbI OHTOT€HE3a; BO3PACTHBIE COCTOSIHUS 0CO0eH; OIMroTpodHbIe 03epa

Baenenue

Cpenu pa3HOOOpa3HBIX HANPABIEHUH OHOMOP(OIOrMIECKUX UC-
CIICZIOBAHHUI «OHTOICHETHYECKOS HAMpaBJICHHUE MOMOJHACT Hay4dHOe
3HaHHE MPEICTABICHIAMH 00 M3MEHEHHSIX KU3HEHHBIX ()OPM B OHTO-
rerese» (Savinykh and Cheryomushkina, 2015, p. 660). B a1oii cBs3u
HECOMHEHHEBII MHTepeC BBI3BIBACT M3YUEHHE OHTOTCHE3a PEIKHX BOJI-
HBIX pPacTeHHH, Takux Kak Lobelia dortmanna Linnaeus, 1753. Oto
pactenue, BMecte ¢ Isoetes lacustris Linnaeus (1753), Isoetes echino-
spora Durieu, 1861, Subularia aquatica Linnaeus (1753) npezcrasnser
co00i1 IpyIITy BHIIOB, XapaKTEPHBIX VISl JIMTOPAIGHOM 30HBI IIPECHO-
BOJHBIX OJMTOTPO(HBIX 03ep ¢ msirkoit Bomoi (Pulido et al., 2012;
Markov, 2017; Lewicka-Rataj et al., 2018).

CaeneHus IO OHTOTeHE3Y Jiobeny JIopTMaHHa B OTEUECTBEHHOM
JIHTEpaType HaMH He OOHAPY>KEHBL, a B 3apyOCKHBIX MCTOYHHUKAX MX
Kpaitte Mano. Cpeny HuX paboTs! anrmiickoro aBropa Woodhead (1951),
TIPEICTABUBILIETO PUCYHKU M OIMCAHMS HAYAIGHBIX CTAUH Pa3BUTHUS
MPOPOCTKA, U TIOJILCKOT0 UcciesoBatens Szmeja (1987a, 1987b, 1994),
BBIZICJIMBLIIETO B OHTOreHe3e L. dorfmanna 1sTh CTajvii M TOKazaBLle-
T'O CXEMBI NIPOXOXKIACHHS KU3HEHHOTO [IUKJIA 3TOIO PACTCHUS B OTKPbI-
ThIX (TTOZIBEPYKESHHBIX BOJIHOBOMY JICHCTBHIO) M 3AILUILIEHHBIX MECTO-
obutaHusx. [Ipn 5TOM B JaHHBIX paboTax OTCYTCTBYIOT MOAPOOHBIE
OIMCAHMS OHTOTCHETHYECKUX (BO3PACTHBIX) COCTOSHUM.

3aMeTHM TakoKe, YTO MCCIENOBaHHWE OCOOSHHOCTEH OHTOreHe3a
nobenun JlopTMaHHa SIBIISIETCSI TIPOIOJDKEHUEM CEPHM HaIliX padoT,
CBSI3AHHBIX C 9TMM PENMKTOBBIM BUJIOM. PaHee Hamu yoke ObUIM H3yde-
HbI 0COOCHHOCTH MPOPACTaHMsI CEMsTH 9TOr0 PacTeHus B JabopaTop-
HBIX YCIOBWSIX, a Talke ero OMoMoponorust ¥ pUTM CE30HHOTO
passutis B omrotpodubix o3epax Tepckoit obmactu (Lebedeva &
Belyakov, 2016; Lapirov et al., 2017).

Vicxons U3 BBILICH3IOKEHHOTO, 11eib PaOOThl — U3y4HTh OHTOTE-
He3 J100ermy JIopTMaHHa 13 3a4aTka FeHEePaTHBHOTO IIPOHUCXOXKICHHS
B OJIMTOTPO(HBIX 03epax TBepcKoit obmacTu.

Marepuaj 1 METObI HCC/ICI0BAHMIA

Marepuan cobpan B 20142016 IT. B €CTECTBEHHBIX MOIMYILIUSX
L. dortmanna wa ozepax Cur (OKpecTHOCTH IepeBeHb KypsieBo —
57°0128,4" N, 33°06'36" E, Byxosram — 57°03'15" N, 33°11'02" E
Kpaxroso — 57°0128" N, 33°06'38" E) u Benbckom (6mi3 11, Bernoe —
57°43'41" N, 34°14'07" E), pacrionoxeHHBIX B OCTaIIkoBcKoM 1 Bel-
IIIHEBOJIOIKOM paiioHax Teepckoit obmactu. Vccnenosanus B TeueHre
Tpex JIeT B OJHUX U TeX JK& MECTOOOMTAHHSIX MO3BONIIIM OXBaTUTH B
LIEJIOM BECh BETCTALMOHHBIN CE30H C PaHHEH BeCHBI (Maif) 10 Mo3aHeH
ocenr (ceHTsI0ps — OKTA0pB). Kak mbl mucami panee (Lapirov et al.,
2017), Ha MccIeIOBaHHBIX 03€pax 3TO PACTEHHE 3aHUMAET ITyOUHBI OT
0,2 (0,3) mo 1,2 u Gonee METPOB W MPOU3PACTACT HA MECYAHOM HITH
TIECYaHOM C HAWIKOM TPyHTaX. PacTeT B BHJIE OTACIBHBIX IK3EMIUI-
POB OO HEOONBIINX TPYIIT WM OOMMPHBIX ISTEH (IIPOSKTUBHOE
nokpeIThe 10 100%). [pynmmpoBKy TaHHOTO BHIa COCPEIOTOYCHBI B
OCHOBHOM B TPOCTHHKOBBIX 3apOCIISIX JTMO0 Ha 3alMIICHHBIX (peXe He
3aIIHMIIEHHBIX) OT BOJIHOBOTO JIGHCTBUSI OTKPBITBIX IPOCTPAHCTBAX.

HayasibHble 3Tarbl OHTOTeHe3a MPOCIEXKEHbI HAMU KaK B IPUPOJ-
HBIX, TaK M JIAOOPaTOpHBIX yCIOBKSIX. B mocneqHeM ciydae cemeHa
MPOpaNMBAIX B JIFOMHHOCTaTe (ocBereHHocTh 1200-1500 5k, doto-
niepriox 9/15, Temmeparypa — +23 °C) B wamkax [letpu Ha ¢risTpo-
BJIBHON Oymare, yBIKHECHHOW OTCTOSIBIIICHCST BOIOTIPOBO/IHOM BOJIOM.
Bo Bcex BapmaHTax OIBITOB HCHONB30BAM TpH vamku [lerpu mo
50 ceMsH B KayKIIOH.

B npouecce paGoThI POBOIMIH TIIATEIBHEI MOP(OIOrHIECKIi
AHAJIN3 HAJ[3eMHOM M MOI3EMHOI cepbl pacTeHHil. Y HUX M3MEpSIIA
JUTMHY ¥ IIMPUHY HAauOOJIBIIETO JIMCTA, MAKCUMATBHYIO JUIMHY KOp-
Hell, IBETOHOCA, THHY U AUAMETP PO3ETOYHON YacTH M00era, eMKOCTh
BEPXYLICYHOH MOYKH M0OETa, TOACUATHIBATH KOJIMYECTBO TIPHIATOY-

HBIX KOpHEH, JINCThEB 1 LIBETOHOCOB. [Ip¥ 3TOM OTHOCHIIN pacTeHHst K
TOMY WM MHOMY BO3PAaCTHOMY COCTOSIHHIO Ha OCHOBAHHH KOMILIEKCA
HauOoJIee CYLIECTBEHHBIX KaYeCTBEHHbIX IPU3HAKOB, CPEIH KOTOPBIX
«c1oco0 mUTaHus (CBSA3b C CEMEHEM), HATIMYNE 3apOJIbIIICBBIX, FOBE-
HIUTBHBIX WIH B3POCIIBIX CTPYKTYP, CIOCOOHOCTH 0cO0EH K CEMEHHOMY
WM BEreTaTHBHOMY Pa3MHOKCHHIO, COOTHOLICHHE M MHTCHCUBHOCTD
9THX IPOLIECCOB; COOTHOIIECHHE ITPOLIECCOB HOBOOOPA30BAHIIS H OTMH-
paHusi y OCOOM, CTeleHb C(OPMUPOBAHHOCTH Y OCOOM OCHOBHBIX
nipr3HakoB Oromopepy (Cenopopulation of plants..., 1976, p. 17).
JlononHuTensbHO, s aHam3a MOP(OJIOrHYECcKHX MPU3HAKOB pacTe-
HUH pa3IMYHBIX BO3PACTHBIX COCTOSIHHUM, HCIIONB30BAIM TepOapHbIe
marepuains! IBBB PAH (IBIW), a Taroke Gornee panxue naxusle (1974 1),
TIOJTyYCHHBIE TIEPBBIM aBTOPOM IPH M3YUYCHHH PACTHTEIBHOTO TIOKPO-
Ba 03. bensckoe. [l nccnenoBaHrsi OCHOBHBIX MOP(OMETPHYESCKIX
TIOKa3aTesiel pacTeH i IPUMEHSTTH OMHOKYIISIpHBIe MUKpockorsl MBC-10
u MCII-2, cHaGXeHHBIE MHKPOMETPHYECKHMY IIKanami. V3ydeHo
okorio 100 ocobeit pa3mMyHBIX BO3PACTHBIX COCTOSIHHUIAL. B Tekcre pabo-
ThI ¥ B TaOJTHIIAX JIaHHbIE PEZICTARNICHBI B BUIE X + SD.

PesyabTarsl

'V nobermvn JlopTMaHHa HaMH BBIIENICHBI 1 OTIFICAHBI TAaKHE TIEPHO-
IIbl OHTOTEHE3a M BO3PACTHBIE COCTOSHUS 0co0eH, (opMHUpyrommxcst
13 CEMEHU.

Tlepuoo nepeuuroco nokos (namenmmpiii nepuod). Ilpencrasien
HOKOSIIMMHCS ceMeHaMi. OHU O4YeHb MEJIKHE, <ITbUICBIIHBIEY, Mpa-
BWJIBHOM ayuminTrdeckoit dopmbl, mmHoi 04-0,6 MM M IIMpUHOI
0,3-0,4 MM. CemeHHast 0007104UKa OJIECTSIIAs TEMHO- JIHOO CBETIIO-KO-
PUYHEBAS C HEPOBHOM, «OYTPUCTOID) CKYIIBIITYPOH.

Tpezenepamusnviii (upeurutbHbill nepuod). 1lpopocmixu. Jlanxoe
BO3PACTHOE COCTOSIHHC B JJA0OPATOPHBIX YCIOBHSX IHTCA OKOo 30
CyTOK. XapaKTepu3yeTcs MOSBICHAEM BCEX OCHOBHBIX OPTaHOB, OPTO-
TPOIHBIM HapacTaHNeM ITOOETOBOH OCH M HA4aJIoM €€ YTOJIIICHYS.

IMepron HaOyxaHHs CeMsH [UTUTCS 0 7 CyTOK. 3aTeM CeMeHHast
KpbIIeuKa (operculum), K KOTOPOH HPUMBIKAeT KOHEI] 3apOIbIIIEBOrO
KOpEIIIKa, TOCTENIEHHO Ha4YMHAET OTIEIATHCS OT ceMeHH. Takue oco-
Oble 00pa30BaHMs, MO-BUIUMOMY, SBISIOTCS CBOCOOPA3HOW 3allUTOM
aNVKaTbHON YaCTH MEPBUTHOTO KOPHS B CAMOM Hadalle IPOPACTAHHL.
B mporiecce mpopacTaHust KpbIIeuka BBIIABIIHBACTCS 3aPO/BIIIEBBIM
KOPEIIKOM, JAIBHEHIINIT POCT KOTOPOTO CIOCOOCTBYET Pa3phIBy I10-
KpOBOB ceMeHH (Ha 56 vacTeld, puc. la, b). 3apoabIIieBblii KOPEIIoK
HPOPOCTKA YTONILEHHBIN, CIIETKa 3arHyThIi, Oemoro npera. Y oTaeib-
HBIX POPOCTKOB OTMEUEHO HAIMYHE HA HEM OYeHb PEIKHX KOPHEBBIX
BOJIOCKOB. | MITOKOTWIb TOHKHIA, BEPXHSISI YacTh €0 CBETJIO-3€/ICHAL.
Mecto mepexosia KOpHSI B THIIOKOTWIIb, TaK Ha3bIBaeMasl «KOpHEBAs
IIeliKa», MHOTIa O4YeHb ci1abo omyieHa. CeMsIony Besiel 38 THIIOKO-
THIEM IIOCTEIIEHHO OCBOOOXKIAIOTCS OT CEMEHHOH OOOJIOYKH, BBIHO-
CATCS Ha TIOBEPXHOCTb TPYHTA, HAYMHAS BBIOIHSATE (hyHKIIHIO TIEPBBIX
ACCHMIUTMPYIOIMX JIUCTEEB (puc. 1c). Obe IUiacTHHKM cemsiioneit
OBAJIGHO-JIAHLICTOBU/IHEIE, IIETTFHOKpaifHIe, CpacTaloTCsl B OCHOBAHIIM,
TPUKPBIBAs 3apOJIBILIEBYIO TOYeUKy. Uepe3 5—7 CyToK y mpopocTka
Ppa3BHBaETCs MEPBBII HACTOSIINI JIMHEHHBIH JCT (puc. 1d), crieiom 3a
HMM, 4Yepe3 [BOE CYTOK — BTOPOM, IUIOTHO MPWKATHIA K IIEPBOMY.
C nosiBJIeHHEM TIEPBBIX ACCUMIIMPYIOLIUX JUCTHEB HalMoaeTcsl Ha-
Yaso (OpMHUpPOBAHIS PO3ETOUHOTO y4acTka modera. [losienue mep-
BOTO (MHOTJI2 BTOPOI'O) JIHCTAa HEPEAKO COMPOBOXKIACTCST (POPMUPOBa-
HHEM TIEPBOTO THIIOKOTHIIPHOTO TIPHIATOYHOro KopHsL. Yare oH paz-
BHBAETCS B 0A3aJIbHON YaCTH TMIIOKOTHIISL, PEKe — IIPH OCHOBAHMH Ce-
msioneit. TTonHOCTBIO C(hOPMHUPOBAHHBIA MPOPOCTOK TMPEICTABIIACT
€000} OTHOOCHOE MOHOIOIMAIBHO M OPTOTPOITHO HAPACTAIOLIEE PO3e-
TOYHOE PACTEHHE C BYMST HACTOSIIIMH ACCHMIIMPYOLIUMU JIACTBAMH.
['maBHBIIT KOpeHb NPOXOIDKAeT (hyHKIIMOHMUPOBATH HAPSTY C MEPBBIM
TIPUAATOYHBIM. B 71a00paTOpHBIX yCIOBHSX HA 3TOM CTaIWH Pa3BUTHS

TIPOPOCTKH TTOTHOAITH.
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Puc. 1. TIpopoctku L. dortmanna B 1abopaTtopHBIX YCIIOBHSIX:
a—d — cTaZuu Pa3BUTHS [IPOPOCTKA

B npupozHbIX HOMYISILMAX HMPOPOCTKM OOHApYXEHBI HAMU BO
BTOpOI1 iekazie Masi U B KOHLIE aBrycTa — Hayajie CEHTAO0ps (CrycTs 4—
5(6) Hezmenb TOCIE Havaa JUCCEMHHAINHN), MEKIY JIMCTBSIMH JIHOO
KOPHSIMH MaTEPHHCKOTO PO3ETOYHOrO rodera (puc. 2a) WIH ILIaBaro-
[IMMKA Ha TIOBEPXHOCTH BombL Bce Mopdonoruyeckue mokasarein
TIPOPOCTKOB, Pa3BUBAIOIIMXCS B NPUPOIHBIX BOJOEMaX, OTINYAINCH
OT JIaAbOPATOPHBIX OOJIBIIMMYU Pa3MEPaMU U YHUCIIOM CTPYKTYPHBIX 3Jie-
MeHToB (Tabn. 1, puc. 2b). Kpome Toro, Ha nobere elie CoXpaHsuIiuch
OCTaTKH CEMSIONBHbIX JINCTHEB.

Puc. 2. [Tpopoctku L. dortmanna (b) Ha KOPHSIX MaTEPHHCKOTO
pacTenus (a) B IPUPOAHBIX YCIOBUSIX (O4EPUCHBI SIUTATICOM)

JanbHelimme HaOMFOICHNS 3a XOIOM OHTOTEHe3a IMPOBOIIIHN B €C-
TECTBEHHBIX MECTAX MPOM3PACTAHNUS PACTEHHH.

FOsenunvrvie pacmenus. Tlepexon pacTeHuii B FOBEHIIIBHOE OHTO-
TEHETHYECKOe COCTOSIHHE MPOKICXOMT B KOHIE MIEPBOTO BErCTAIMOH-
HOTO Ce30Ha M XapaKTepH3yeTcsl yBEIMYCHHEM YHCIIa aCCHMIIIAPYIO-
IMX JIACTBHEB U CTEONEPOTHBIX MPUJIATOYHBIX KOPHEH (Tabut. 2, prc. 3a).
Ha KoHIJaX MOC/IEAHMX OTMEYEHbI CeLM(pUISCKHUE YTOMICHHS, CBS-
3aHHBIE C HAJMYUEM apOyCKyJSApHO-BE3UKYJAPHOHM MHKOpH3bL OT-
JleNbHbIE IPUIATOYHbIE KOPHU BETBITCA 10 1 + 1 nopsiaxa. B nea paza
(Tlpu cpaBHEHHH C TIPOPOCTKAMH) BO3PACTAET [UIMHA U THAMETp Po3e-
TOYHOTO y4Jactka nobera (tabm. 2). [Tpu atom B (paze TpeThero accu-
MIJIAPYIOIIETO JIMCTA ¥ YETBHIPEX MPUIATOUHBIX KOPHEH Y OTAEIBHBIX
pacTenuii rIaBHbI KOPEHb HAUMHAII OTMHUPATh. JIMCThsI IOBEHUIIBHBIX
pacrenuii 10 (hopMe COOTBETICTBYIOT JIUCTBSM B3POCIOTO PACTEHMSL.
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OHM JIMHEHHO-JIAHLIETHBIE, TOJIbIE, BAILKOBATHIE, C OTOrHYTOH aIllMKasb-
HOM 4acCThIO U PaCIIPEHHBIM OCHOBaHUEM. BepxHss JacTh JIMCTOBOM
IUIACTUHKH SIPKO-3€JIeHast, @ PaCllIMPEHHOS OCHOBAHHUE JIMCTA JIUIICHO
OKpackH. B 5T0M BO3pacTHOM COCTOSIHUHM PaCTEHHUS 3UMYIOT.

Tabmua 1
OcHOBHBIE MOP(OTIOTMUIECKAE TIOKA3aTEN POPOCTKOB L. dortmanna
B JTA00OPATOPHBIX ¥ IPUPOHBIX yCIIOBMSIX (n = 12, X + SD)

Pasmeps! opraHoB, MM

Mopdornorieckue noxasareny 71a00paTOpHBIe  TPUPOIHBIE
YCIOBHSE YCIIOBUS

Jina cemsitoneit 0,66 £0,10 1,78+0,14
IupuHa cemsinoneit 0,20+0,04 045+0,05
JImiHa TRTTOKOTHIIST 1,98 +0,49 —
JlnameTp runokoTwIs 1,80+£0,03 —
JIMHa rIaBHOTO KOPHS 1,16+£0,13 12,0+4,50
JI/MHa 11epBoro puaToqHOro KOPHs 0,24 +£0,09 3,75+£0,75
JIMHa nepBoro acCCUMUIIMPYFOLLIETO JIMCTA 0,14+£0,05 6,50+0,50
InpyHa nepBoro acCHMITIAPYIOIIETO JIUCTA 0,12+0,03 0,50+0,00
JI/MHa BTOPOro acCHMIIMPYOLLETO JICTa 0,20+£0,01 4,50+0,50
1nprHa BTOpOro acCUMIIMPYOLETO JIMCTa metee 0,20 0,38+0,04
JImHa po3eTOYHOrO yyacTka nodera 025+0,05 0,93 +0,08
JlnameTp po3eTodHoro ydyacTka nodera 025+0,05 0,95+0,05

Tlpumeuanue: «—» — JAHHBIH AEMEHT CTPYKTYpbI OTCYTCTBYET.
Taomma 2

OcHoBHBIe MOpOJIOrIUecK e oKasaTesy pactenuit L. dortmanna
B IOBEHIIBHOM BO3PAcTHOM cocTosiHMM (n = 12, X + SD)

Pazmepst
Mopdornorideckue nokasarem opraros
JliiHa PO3ETOMHOTO ydyacTka rnodera, MM 1,83+£0,22
JlnameTp po3eTodHOrO y4acTka odera, MM 1,83+0,22
Hucro acCHMUIIMPYHOLLMX JIUCTBEB, ILIT. 3,01+£0,01
YuCI0 MPHUIATOYHBIX KOPHEH, IIT. 4,02+0,01
MakcHManbHasi [THHA IPAIATOYHbBIX KOPHEH, MM 29,7+58
MaxcuMaltbHas IHA aCCUMIUTPYOLLMX JIUCTBEB, MM 180+13
MaxcuMarbHas HIMPUHA ACCUMIIMPYIOLIUX JIUCTHEB, MM 1,01£0,01
JI/MHa rIaBHOTO KOPHSI, MM 477+ 1,8

Bmopoti 200 sicuznu. Bupeurumbtole (MoT0Oble e2emamueHble) pac-
THEHIsL MOPO20 200a HCU3HU. XAPAKTEPU3YIOTCS TOSIBIICHUEM OCHOB-
HBIX YepT, TUITMYHBIX UL B3POCIBIX BEreTaTUBHBIX pacTeHMid. Ilep-
BUYHBIH MOHOIOJIMAIBHO HAPACTAOIIMI PO3ETOUHBIA MOOET COCTOUT
W3 y4yacTKa IMpOLIOro r'ojia, HECYIEr0 KOPUYHEBbIE OCTATKH JIMCTHEB
M HBIHEIIHero roza. Ha mocreeM cyIecTBeHHO BO3pacTaeT YKCiIo
ACCHMIUTMPYIOIVX JIACTHEB M TIPHIATOUHBIX KOPHEH, a Taloke YBeIH-
YHBAIOTCS WX JIMHEHHBIC pasMepbl (Tabm. 3, puc. 3b). OtMupanue
c(hOPMUPOBAHHBIX PaHEe JMCTHEB M POCT HOBBIX, a TAKKe (hOPMIPOBa-
HHe OOJIBILIONO YKcia CTeONEePOAHBIX MPHUIATOYHBIX KOpPHEH BHOCHT
M3MEHEHWs1 B CTPYKTYypy Oa3ainbHOM yactu rmodera. OHa yBemMuMBaeT-
cs B [UIMHY 1 YTOJILAETCS B IMaMeTpe (Tabi. 3), TeMHEET U BTSTHBACT-
Csl KOpHSIMM B TUIOTHBIN IecyaHblil TpyHT. B pe3ynsTare storo pose-
TOYHBI y4acTOK rmodera MeHseT XapakTep pocTa ¢ OPTOTPOIHOTO Ha
AHM30TPOIHBIN. EMKOCTE BepXyIeuHol movku rnodera — 2-3 JmcTo-
BBIX 3a4atka. [1o/00HbII XapaKTep pocTa COXpaHsIercst 10 KOHI[A Bere-
TALMOHHOIO CE30Ha.

Tpemuii 200 sicusnu. Bupeunuibhble (63pocivle éeecemamueHbie)
pacmenusi mpemveeo 200a cusHy. HecMOTpst Ha TO, YTO OCHOBHBIC
MopGosIoriuecKre mapamMeTpsl 3THX pacTeHuid (tabn. 3, puc. 3¢) B Ha-
Yajie BEreTallMOHHOTO CE30HA CYIIIECTBEHHO HE OTIIMYAOTCS OT IIpe-
TBITyIIel TpymmsL, y HUX B 1,5-3,0 paza Bo3pacTaeT KOJIM4YeCcTBO acCH-
MUJHPYIOLHX JIMCTHEB U HPHIATOYHBIX KOpHEil Ha ydyacTke nobera
HBIHEIIHETO T/, B 2 pa3a — eMKOCTh BEpXYIIEYHON ITOYKH TJIABHOTO
niobera (Tabu. 3). [Tpy 5TOM y mocieIHero OTMIpaeT Y4acToK IIEpBOro
rojia XU3HH. B TeueHue BereTarMoHHOro Ce30Ha y pacTeHHil Halumo-
JIaeTCsl NATBHEHILINI POCT OCHOBHBIX MapaMeTPOB BEreTaTUBHOI ce-
B! pacTeHuii: MaKCHUMAJIbHOM UTHBI M IIMPHHBI JIMCThEB (5,3 + 0,3 u
0,3 & 0,0 cM, COOTBETCTBEHHO), MAKCHUMATILHOM JTMHBI TIPHAATOYHBIX
xopreit (9,1 £ 1,2 cm), o01mero yncna acCHMIIMPYIOIHX JIMCTBEB 1
TIPHIATOYHBIX KopHeH (28,4 + 6,1 u 96,0 + 28 4), a Takke eMKOCTH
BEPXYIICYHOH MOYKH raBHoro modera (7,0 + 0,8). Bospacraer nymHa
W JAUaMeTp po3erodHoit yacTy rnobera Hemersero roxa (1,1 + 03 u
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0,4+0,1, coOTBETCTBEHHO). AHM30TPOIHBIN XapaKTep pocTa U MOHO-
TIOJIMAJILHBIH THIT HAPACTAHHS ITIABHOTO I00eTra COXPaHsFOTCS.

B e

Puc. 3. L. dortmanna B voBeHUIBHOM (&), MOJIOJIOM BETCTATHBHOM
(BTOpOIA rox xu3HM) (b), B3pOCIIOM BETeTaTHBHOM (TPETHIA TOJ1 KM3HH)
(¢) v ckpbITOreHepaTHBHOM () BO3PACTHBIX COCTOSIHUSIX

Yemeepmuiil 200 orcustu. IeHepamugHbvlil nepuood oumoeeHesd.
Cxpuimozenepamushble pacmenus. Ilepexon pacTeHuit B CKPBITOTEHe-
PAaTHBHOE OHTOTEHETUIECKOE COCTOSHIEC OTPayKaeT HACTYIUICHHE TeHe-
paTHBHOTO Hepuoza oHToreHesa (puc. 3d). Baxuelmel ommunTers-
HOl 0COOEHHOCTBIO PaCTEHUH B 3TO BpEMsI SIBJISIETCS HE TOJIBKO HAIIH-
Yyre BHEIIIHE He3aMETHOIO BEpXyILeYHOro corervst, ymHoi 0.9 + 0.3 cm,
HO U TIOYEK, PACTIONOMKEHHBIX B MAa3yXaX OHOTO—TPEX CaMbIX BEPXHHX
ACCHMIJTHPYIOIIMX JIMCTBEB No0era HbIHelHero rofa. Mx mmiHa — ot
0,1 mo 0,6(0,9) MM, emxocts 1-4 nmcToBbIX 3adarka. [louxm (1-2),
TporaroTest B pocT 0e3 meprozia mokos, GopMUpyst GOKOBBIE PO3ETOU-
Hble 11o0ery, Hecynye 3—4 accCHMIIMpPYIONX JwcTa. EMKOCTb Bepxy-
IIEYHBIX TI0YEeK OOKOBBIX MOOETOB — 7—8 JIMCTOBBIX 3a4aTkoB. C MO-
MEHTA 3aKJIaJIKi TeHePaTUBHBIX OPraHOB HApaCTaHKE IVIABHOIO rodera
CTaHOBUTCSI CHMIIOAMAIGHBIM. HaunHaer IOCTeNeHHO mNeperHuBarh
YJacTOK 1o0era TPEThEro rofia XKH3HH. broMeTprieckre Xxapakrepuc-
THKH 9THX PacTeHUi IpeICTaBIeHbI B Tabmue 4.

Cpeonesospacmiwie enepamusibie pacmenus. Y TOJABIISIOMIETO
OOJBIIMHCTBA PACTEHUI YIaCTOK ITIABHOTO MOOEra TPETHEro To/a HKI3-
HHM Ha 3TOM 3Tale OTMHPAET MOJHOCTBIO. Y PACTEHHH coXpaHsercs
TOJIBKO YYacTOK N0Oera HBIHEIIHEro rofa. Y 3HAUNTENHHOTO YHCiia
pacTeHnii Ha OOJBINMHCTBE HPHIATOYHBIX KOpHEH (BETBSIIMXCS IO
BTOPOTO TOPSI/IKa) UMEIOTCS B3IyTHsl, PE/ICTABIIONIIE COOOH Be3u-
KyJISIPHO-apOyCKYJSIpHYI0 MHKOpr3y. C pOCTOM BEpXYILEYHOIro CO-
LBeTHs, AocTuraromero mmHel 91,0 + 16,4 cMm, pacTeHre CTaHOBUTCS
NoJypo3eTouHbM (puc. 4a, b). Habmonaercst nanpHeliiee pa3Butre
OOKOBBIX PO3ETOUHBIX MoOeroB (1-2), kotopele HecyT no 144 + 6,5
mmcTeeB (mmHOK 4,5 + 1,2 u mmpunoit 0,3 + 0,0 cm) u 28,6 + 12,2
MIPUIATOYHBIX KOpHEH. EMKOCTB X BEpXyIEUHOH NOUKy — 7—8 JIMCTO-
BBIX 3a4aTKOB. BroMeTpiieckye XapaKTepyiCTUKH STUX PACTeHHH Tpei-
CTaBJICHBI B Ta0IHLIE 4.

V crapbIX r'eHepaTHBHBIX PACTEHHIT IPOLIECCHl OTMUPAHHUSI IIPE0d-
JIaJIAr0T HaJl [poLieccamMy HoBooOpaszoBaHwst (puc. 4¢). OTrHUBAET Bep-
XyllleqHoe corerre. Ha miaBHOM nobere (IPeaCTaBICHHOM TOJIBKO
YYacTKOM HBIHEIIHETO Tofia), HecymleM 1—2 pO3eTOYHBIX OOKOBBIX

no0era, MorudaeT 3HauNTeNbHAs YacTh PUIATOUHBIX KOPHEH (MX KO-
JIMYECTBO CHIDKACTCS TPAKTHYCCKH B JBa pasa — 95 + 8) u accu-
MUIHMpYOHHX JUcTheB (17,5 + 3,3). B TakoM Buzie pacTeHHst 3UMYIOT.

Tabsmua 3
OcHOBHBIE OMOMETPHYECKHUE TIOKa3aTeNy pacTeHuit L. dortmanna
B BUPTHHWIBHOM BO3PAaCTHOM cOCTOsTHUM (n = 12, x 4+ SD)

BospacTtHoe coctosiHIe
Mopdornorudeckue noxasaresm MOJIOZBIC B3pOCIBIC
BETCTaTUBHBIC BETETATHUBHBIE
(BTOPO# TOJ1 JKU3HU)  (TPETHIA TOJT YKI3HH)

YKCII0 JIMCTHEB, I0IT. 6,01+1,01 9,70£2,11
Yucerno npuiaToYHbIX KOPHEH, IIT. 16,00+ 1,02 41,80+ 12,40
Enticocts sepxyriedroii nouiu 203102 463+0,57
(4¥ICJI0 JINCTOBBIX 3a4aTKOB)
JIvHa JIMCTBEB, MM 30,50 +0,50 27.80+2,74
LInpyHa MCTBEB, MM 2,50+0,01 2,01+£0,36
JlmiHa NpUIATOYHBIX KOPHEH, MM 52,50+7,50 70,70 +£5,52
JlmiHa/aMeTp po3eTOMHOM Yac- 6,01 £1,01/ 491+1,90/
TH 1100€ra HBIHEIIHETO FOZIa, MM 2,90+1,01 2,98 +1,40
JlmiHa / muameTp po3eToyHo 3,02+£2,01/ 345+2,05/
YacTH 1100era MpoLUIOro Tojia, MM 1,82+0,32 2,90+ 1,01

(riepBoro royia) (BTOpOIO rojia)

Ta0suua 4
OcHOBHBIE OMOMETpPHYECKHUE TIOKa3aTeNy pacTeHuit L. dortmanna
B T€HEPaTUBHOM TIeprozie OHToreHesa (n= 15, x + SD)

BospacrtHoe cocrosine
Mopornoruyeckuie moKazaTem
CKPBITOTCHEPATHBHBIC CPEIHEBO3PACTHBIC

Uwcno MCTHEB, IIT. 186+19 233+33
YC10 npuIaToYHbIX KOpHEH, LIT. 910+164 1532+£258
JInHa JIMCThEB, MM 394+29 51,0+37
[uprHa JMCTHEB, MM 2,80+0,32 3,80+0,27
JliHa npuIaToYHBIX KOPHEH, MM 804+194 107,0£21,0
JlmiHa / muameTp po3eTo4Hol YacTu 22,00+3,02/ 18,00+8,03/
1o0era HBIHEIITHETO TO/Ta, MM 320+0,32 4,01+1,01
JlHa / iuameTp po3eTOuHOM YacTH 491+1,90/
ro0era MpoLIOoro rozia, MM 2,98 +1,40 -

(TpeTnero rosia)

Tamouii 200 orcusnu. [locmeenepamughbviii nepuo0 oHmozeHesq.
XapakrepHast 0COOEHHOCTb 3TOr'0 TIEPHO/IA PA3BUTHS — IIEPEXOJ] pacTe-
HUH B HaYaJie BEreTalIOHHOTO CE30HA B KBA3HCCHIIBHOE COCTOSIHHUE.
KBazuceHm-HOCTE onpeiesieTes] Kak «sBIeHHe MOp(OIOrHIecKoi
HMMUTAIIN CEHIUIBHOCTH, BO3HHKAIOIIEE Y PACTCHUI B (PUTOIICHOTH-
YeCK! HeOMAroNpysITHRIX YCIOBISIX» (Smirnova et al., 1984). ITo BHe-
IIHEMY BHJly KBa3HCEHWJIBHBIC PACTEHUs IIPEACTABIIIIOT COOOM «IBY-
WIM OHOPOIYIO BIJIKY», COCTOAILIYIO M3 y4acTKa IVIABHOro robera
HpPOLIJIOTO I0J1a, HECYIIEro NEePErHUBIINE OCTATKH aCCUMITUPYIOLIMX
JICTBEB, U OIHOTO M JIBYX PO3ETOYHBIX MOOErOB BTOPOTO MOpSIIKA
BeTBJICHMS. VIMEHHO 32 CYET X Pa3BUTHSI OCYILIECTBIIIETCS] OMOJIOKE-
HHe 0co0u. PUCYHOK KBa3HCEHIIIBHOTO PACTEHHSI TIPE/ICTABIICH B OITy-
OmkoBaHHOH panee padote (Lapirov et al., 2017).

'V nopasistromero GOJBIIMHCTBA PaCTEeHHI pa3BUBACTCS, KaK Mpa-
BIWJIO, OJTMH OOKOBOM PO3CTOYUHBIN TTO0ET. Y eIMHAYHBIX PACTCHUI — JIBa,
TIPY 5TOM OJIMH, KaK MPaBHIIO, ONIEPEKAET B CBOEM PA3BUTHH JPYTOML.
Tlo-BrmMMoMy, y KBa3UCEHWILHBIX PaCTeHHH, KpalHe pe/Iko, OHH CIIO-
COOHBI OJTHOBPEMEHHO JIOCTUIaTh I'eHEepaTUBHOrO cocTosHus. 11om00-
HOE SIBJICHHE OTMEYEHO BO BTOPOi Aekasie nrois 2014 1. y eMHIYHbIX
pacrernii Ha 03. bembckoe. Ilpu 5TOM OOKOBBIE TOOETH BTOPOTO
TIOPSITIKA, CBS3AHHBIE C TVIABHBIM MOOETOM, IIBEIH (JTMHA IBETOHOCOB —
50-60 cM) ¥ FMeIH XOpOIIO Pa3BUTHIE GOKOBBIC PO3ETOUHbIE MO0ETH
TPETHEro Hopsika (T0 OTHOIICHHIO K TIIABHOMY T100ery), mmHoH 0,3—
0,4 cM, Hecynme 4-5 macTeeB. EMKOCTB X BepxyIleyHo ouku 5—8
JIACTOBBIX 3a4aTkoB. OJIHAKO Y OOJBIIMHCTBA PACTCHUI NTabHEHIIee
pasBUTHE MPETEPIIEBACT, KaK IPaBHIIO, OAMH OOKOBOI MOOEr BTOpOro
THIOPAZIKA, PEIKO — J1Ba. VIX LIBETCHMS B TEKYILEM IOy Mbl HE HAOIO-
nam. B cepemuHe (KOHIIE) BETETAIMOHHOTO CE30HA MPOUCXOIHT TOJ-
Hasl JIS3MHTETPALWs PacTeHHIA (32 CUET pa3pyILeHHUs y4acTKa IJIaBHOrO
no0era NpoIUIOro rofia), MPHBOASIIAs K GOPMHUPOBAHIIO KOMITAKTHO-
TO KIOHA M3 OTACIUBIIMXCS OOKOBBIX moderoB. Ha sTom oHTOrenes
TeHEThI 3aBEPLIACTCS.
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Puc. 4. CpeHeBo3pacTHOE TeHepaTUBHOE (4, b) 1 cTapoe reHepaTiBHOE (¢) pactenue L. dortmanna:
CTPEJIKOH yKa3aH pa3BHUBAIOLIMNCS 100er n + 1 Iopsiyika BETBICHIS

Puc. 5. Arperaiwu L. dortmanna B 03epax Tsepckoii obmactu (a, b) 1 ux ¢parments! (¢, d)

Oobcy:xeHue

Kak u Ha MasieHPKOM MEJKOBOITHOM OJIMTOTPOMHOM MOTMMHKTH-
geckoM 03. Kpaces (Lake Krasne — 53°52'N, 17°16'40"E), pacmiomno-
skerHoM B CepepHoid [onbine (Szmeja, 1994), B riccnenoBaHHBIX 03¢-
pax Teepckoii obnacti oHTOreHe3 JoOemu JIopTMaHHA K3 3adaTka
TEHEPATHBHOTO NPOUCXOKICHIS UTIIICS B TedeHWe It JieT. [lpu

3TOM IOJIBCKHH aBTOP OTMEUAET, YTO KAK B YCIIOBHSIX, HOBEP)KEHHBIX
BOJIHOBOMY JICHCTBHIO, TAK U 3aILUILEHHBIX YCIIOBHSIX, OHTOTEHE3 3TOr0
BHJI2 MOXKET UTUTHCS B TEUCHHE YeThIpeX JieT (Szmeja, 1994). Ilona-
raeM, YTO M B HAILIMX YCJIOBHSIX OOOHBIN «CLICHAPHIDY Pa3BUTHSI TaK-
K€ BO3MOXKEH.

TIpu stom Szmeja (1994) ormedaer, uto B 03. KpacHs B 0bonx
THIIAX MECTOOOMTAHMH (3AIMIICHHBIX M OTKPBITHIX) THOEIH TPOPOCT-
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KOB COCTAaBJISIET JOBOJIbHO 3HAUMTENIbHYIO BemmuuHy (85,1-99,1%).
INosromy BrioiHE 00BSICHIMA OTMEUEHHAsI HAMHU B JIA0OPATOPHBIX yC-
JIOBUSIX THOEIIb PACTEHHUI Ha CaMbIX PaHHHX, HAnOoIee ysI3BHUMBIX CTa-
JWSIX Pa3BUTHs (IPOPOCTKH). 3aMETHM, UTO TOJTHAsT MOP(OIOrHyecKast
XapaKTepUCTUKA CEMSH, a TAKKe OCOOCHHOCTH X TPOpacTaHusl Ipeji-
CTaBJIeHBl B HammX mpempinymmx crathsax (Lebedeva & Belyakov,
2016; Lapirov et al., 2017). Hamu nokasano, 9to Iiepexos pacTeHuii B
IOBEHWIGHOE OHTOT€HETHYECKOE COCTOSIHUE TIPOKICXOJWT B KOHIIE Iep-
BOTO BEreTaloHHOro ce3oHa. OmHako mo gaHHbM Szmeja (1987b)
TIEPEXO0] B 3TO BO3PACTHOE COCTOSIHHE BO3MOYKEH €Ilie B BECCHHUH ITe-
puon. YKa3aHHBIHA aBTOP CBS3BIBAET 3TO ¢ OoIiee ObICTPHIM POCTOM IIPO-
POCTKOB Ha WIIMCTBIX U IECYAHO-MIIMCTBIX y4acTKaxX JHa, YeM Ha Iiec-
yanpiX. CyIIecTBOBATH B TOAOOHBIX YCIOBHSX MOJIOJBIM PACTCHUSIM
TIOMOraeT HAJIMYKE Ha MPUIATOYHBIX KOPHAX apOyCKyJIIPHO-BE3UKY-
nspHON MuKkopussl (Nielsen et al., 2004), orveuennoe Hamu panee (La-
pirov et al., 2017). ITo-BrmMOMYy, 1 B HAIIIMX YCIOBISIX TaKas TPyTIIa
pacTeHuii B BECEHHNH TEPHOJl MOXKET IIPHCYTCTBOBATh, YUHUTHIBAS TO,
YTO HOPMAIBHO Pa3BHUTBIE NMPOPOCTKH OOHApy)KEHbI HAMM Ha Iecya-
HOM ¢ HauyikoM IpyHte yxe 11.05.2016 roza. [Tpu aTom 3ameTnm, 4to
CMEPTHOCTb B TIOMYJIALMH FOBEHWIBHBIX PACTCHHUH, e B 3allHIICH-
HBIX MecTax oOmTaHus, focTuraeT 26,4% (Szmeja, 1994).

Ha Bropoii roz pa3sutyst cMeHa JBYX MOCIEAYIOIMX BO3PACTHBIX
COCTOSIHHI (MIMMATypHOTO 1 BUPTHHIUIBHOTO) Y JIOOSITHH HPOHCXOJUAT
JIOCTAaTO4YHO OBICTPO. MBI TOZIepKHBaeM TOUKY 3pSHUSI O TOM, YTO
«BBIJICJICHIE MMMATYPHBIX U BUPTMHWIBHBIX PACTEHHH HPEICTABISICT
oombime TpyaHocT (Cenopopulation of plants, 1976, p. 19) u, mo-
3TOMY, «HEKOTOPHIMU aBTOPAMH [3TH BO3PACTHBIE COCTOSHUS | OOBEN-
wstorest B oxHo» (ibid). ITosromy B nmaHHO# paGoTe MBI BbIIEISieM
TOJIBKO BUPTHHHIIBHOE BO3PACTHOE COCTOSHHE.

K coxaneHio, KpaTkoCTb U Pa3MbITOCTb XapaKTEPHUCTHK, KOTO-
pble JTaHBl PAa3TYHBIM BO3PACTHBIM COCTOSIHISIM OCOOeH Jo0eru
(Szmeja, 1987a), He TIO3BOJISFOT NIPOBECTH WX KAYECTBEHHOE CpaBHE-
HHE C HalllMMH JIaHHBIMK. Ha OCHOBaHNM ONHMCcaHNH TIeproyia 3periocTr
(mature state): «HaKOIUICHHE KOPHEBOIl CHCTEMbI, HEPa3BETBICHHOE,
IUIATMOTPOIHOE KOpHEBUIIE 2—4 CM B JUIMHY, U TIOIHOCTBIO Pa3BUTast
poserka u3 15-25 mmcteeB («a bunched root system, unbranched, a
plagiotropic thizome 2-4 cm long, and a fully-developed, 15-25-leaved
rosetten)» (ibid, p. 18) MOXXHO TIPEATIONOKUTE, YTO JAHHBII UCCIIEI0-
BaTellb UMEN B BUY (B HAIIEM MOHUMAHWH) B3POCIIbIC BETETATUBHBIC
pactenyst. OIS B pa3MEpHBIX BEJIMUNHAX MKy HAIIIFMU U TIOJb-
CKUMH JIAHHBIMH, TI0-BHIIMOMY, CBSI3AHBI C PA3THIISIMH SKOJIOTHIEC-
KUX YCIIOBHI B MeCTax MpOM3pacTaHus pactenuii. B apyroii padote
(Szmeja, 1987b, p. 537) 310T K€ aBTOP, aBast XAPAKTEPUCTHKY 3PEIBIX
oco0ei, IPIYHCIAET K HUM U TeHepaTuBHbIe pacTenus («Mopdororu-
YeCKH 3perible 0co0H, T. €. 3pernble U reHeparuBHbiey («Morphologi-
cally mature individuals, i.e., mature and generative»)). B narnHoM ciy-
Yae, B HallleM HOHMMAaHHH, aBTOp MMEI B BUITY CKPBITOICHEPATHBHBIC
pacTeHwst, He MIMEIOIIME BHEIIIHE BHMMBIX TeHepaTUBHBIX OpraHoB. [1o-
9TOMY 3TH PacTeHNs BHEIIHE HAIOMUHAOT B3POCIIbIE BETCTATHBHEIE.

AHaIM3 CTPYKTYphl Pa3TMYHBIX HOMYJIIMH JOOCIMH B 03epax
Ho6poror (Lake Dobrogoszcz) u Bemukoe Oriko (L. Wielkie Oczko)
npuBomut Szmeja (1987b) k BEIBOIY 0 YHMCIICHHOM Mpeobiia jaHuH 3pe-
JIBIX 0CO0CH HaJl BCeMH JIPYTHMH CTaausMu pa3BuTust («numerical do-
minance of mature individuals over all the other developmental stages»,
ibid, p. 537). Ilo ero maHHBIM, MOP(OIOTHIECKH 3peTIble 0COOU B pa3-
JIMYHBIX Tomy sisx 03. J{oOporomy coctapisitor 47,5-61,5%, mpo-
poctku — 10,5-18,2%, 1oBenmnbhble — 18,4-23,6%, B 03. Bemikoe
Orxo — 52,6-77,8%, 7,7-25,9% u 9,4-20,7%, coorBeTcTBEHHO. I cHe-
paTHBHBIE 0COOM — 3TO BCEI/ia HaMMEHee MHOTOUHCIICHHAs! YacTh TI0-
nymsn (4,2-10,7%, ozepo dobporony u 1,6-5,1%, B 03. Benukoe
O1xo). XapakTeprCcTHKa N'eHePaTUBHOIO NEPUOA PA3BUTHS TIOIBCKUM
rccrenoarenieM (Szmeja, 1987a) npezcrapieHa KpaTko: «[TeHepaTuB-
Hasl CTajIusl| BCTpEYaeTes TOIBKO Y 3pefIbIX 0coOeH U ITUTCS OT TOSIB-
JIeHVS IIBETOHOCA JI0 ero hcde3sHoBeHws» (ibid, p. 18). Mexy Tem re-
HEpaTHBHEII NEPHO] Pa3BUTHS Y JTOOENNH BKEH He TOJIBKO H3-3a BO3-
HMKHOBEHYVIS1 M Pa3BUTHs TeHEPATHBHBIX OpraHoB. bosbiioe 3HaueHne
U151 Oy/TyIIero Oarornoyyrs TOIMyJISLH 9TOr0 PACTEHUS UMeeT (op-
MUPOBaHHUE Y JIOOEIHH, B 3TOT IIEPHO]] PA3BUTHS, TIOYEK B Ta3yXax ca-
MBIX BEPXHHX aCCUMIIHPYIOLIUX JIACTHEB. JTO OyIyIue paMeTsl (Be-

TeTaTHBHBIC IUacOpbl), OOECIICYMBAIOIIINE, B JAJIbHEHIIIEM, Berera-
THBHOE Pa3MHOXXEHHE OCOOM M 3aXBaT €0 HOBBIX TEPPUTOpHIL. Szmeja
(1987a) cumTaeT, 4TO MX HAJIMYKE BCET/Ia COIPOBOXKIACTCS YBSIAHUEM
COLIBETHS U BCEX JIMCThEB pacTeHus. ONHAKO, 10 HAILMM CBEICHUAM
(cmotpu BhIIIE, a Taroke Lapirov et al., 2017), hopmupoBanme nate-
PITBHBIX [OYEK Y TeHEPaTHBHBIX 0CO0Ei IPOMCXOAUT B IIEPUOJ 3aBEP-
IICHNUS 3aKIaIKH TEPMHHATBHOTO COLBETHSL, JINOO HA HAYAIBHBIX JTa-
Tax ero pasutys. [1o-BuvoMy, BO3MOXKHBI 002 BapHaHTa pa3BHTHSL.
B nepBoM 13 HUX (YBsIIaHHE COLBETHST) TIOJTHOCTBIO CHUMAETCS TaK Ha-
3bIBAEMOE AIMKAIHHOE JJOMHHHPOBAHNE — KOHTPOJIb BEPXYLIKH 1100e-
ra Hazt poctoM masymHeix nodek (Cline, 1997, wur. mo Dun et al., 2006).
Bo BTOpOM (HauasbHBIE 3TAIb, MO0 KOHEUHAs CTA/IHs 3aKIaIKU CO-
LBETHS) — Pa3BUTHE NA3YIIHBIX [OYEK MOKET BCTPEUAThCs M B IPHCYT-
CTBMM CWJIBHOH BEPXYILKH [00Era U MOJTyJIMPOBATHCS CUTHATIAMH, T10-
crynaronmmMu w3 kopast u credns (Dun et al., 2006). Kpome Toro,
HMEIOIIIECS OTIMHIIS, BO3MOXKHO, CBSI3aHBI C PasfIMUMsIMHU B Teorpa-
(hrUecKoM PacHoNOXKEHUH M3y4aeMbIX BOZIOEMOB (ITOJILCKHE 03epa B
IIMPOTHOM ILTAHE PACTIONATAFOTCS FXKHEE, YeM TBEPCKIE).

Ilo cBOEMy BHYTpEHHEMY CONEP)KaHHMIO CyOCeHMITbHAS (TTOCTTeHe-
patvBHas) cramusl pasBuTHs JoOenmu, ormcaHHas Szmeja (1987a,
1987b, 1994), BoNHE COOTBETCTBYET KBA3HCEHIIBHOMY COCTOSHUIO
pacTeHuii, paccMOTpEHHOMY HamH Bbliie. [Ipy 3TOM MbI cOIIacHbI ¢
MHeHHeM Smirnova et al. (1984, c. 224), 9o «BeposiTHO, HEOOXOMMO
OTJIMYATh UCTHHHYIO OHTONEHETUYECKYIO CTApOCTh OT «CTApOCTI» IIe-
HOTHYECKOH, KOTOpasi IPe/ICTABIIAET COO0H HE UTO MHOE KaK KBa3Uce-
HWIBHOCTEY. [10 HammM HaOMONEHHSIM B M3y4aeMbIX 03epax 0coOu
7100e7MK 00pasyIoT IOCTaTOYHO IUIOTHBIE CKOIUICHHS — «TIOIBOIHBIC
KOBPBI WJIH JTyTa» PaxTAIHON (hOPMBI 1 CTETICHH MPOTSDKEHHOCTH (PUC. 5).
DopMHPOBAHHE TAKOHM arperupoBAHHON CTPYKTYpBI, IO CIIPaBeIBO-
My MHeHHI0 Szmeja (1987b), sBistercst pe3ynbratoM GopeOBI pacte-
HMIA 32 IMIIEBBIC PeCYPChl M IIPOCTPAHCTBO M 00ecieunBaeT MM Ooree
2 heKTHBHYIO amanTaiio K cpene oduranus. «B 310l chTyarmm
(hopmupoBaHKe arperatoB Uit L. dortmanna, a Takxe JUSI MHOTUX
KOHKYPEHTHO CJIa0bIX BUIIOB — HAHOOJIeE BBITOIHBIN aJIAITHBHBIA Ba-
PMaHT, OINpABIAHHBIA KaK C TOYKW 3pEHUsI 3alLUTHBIX PEAKLMi Ha
JIaBIIeHIEe KOHKYPEHTOB (Zarzyck 1965, iur. o Szmeja, 1987b), Tsmxe-
cru yenoBuit xxisan (Symonides 1979, tur. o Szmeja, 1987b), a Taroke
X0ZIa OCHOBHBIX (DM3HOJIOTHYecKHX mporieccoBy (ibid, p. 540). Szmeja
(1987b, p. 541) ormeuaet, uTo «B ciydae L. dortmanna pa3Mep arpera-
TOB U X IDIOTHOCTb O0PaTHO MPOTIOPIFOHAIEHEI HHTEHCHBHOCTH J1aB-
JICHVSI BUJIOB KOHKYPEHTOB M IDIOJIOPO/MS MECTOOOHTaHMH. DTO Oc-
HOBHBIC (DaKTOPBI, ONpe/eNIAOIIKe IPOCTPAHCTBEHHY0 OpraHH3aLUI0
HOMYJISIMIA ¥ COLMATBHBIH CTaTyC 0COOH, KUBYIIMX B HEM).

Ilepexon pacTeHMii B KBa3UCEHUIIBHOE COCTOSIHUE B KOMITAKTHBIX
KJIOHAaX CIOCOOCTBYET BBDKHMBAHHIO, a IOCTE THOEIM MATEPUHCKUX
pacTeHunH, TO3BOJISIET 0COOSIM OMOJIOIUTECS. U 3aHSTh TEPPUTOPHIO BE-
TeTaTUBHBIM WM CEMEHHBIM IyTeM (Smirnova et al., 1984). Oto Tak
HAa3bIBAEMOE IMKIIMYECKOE PAa3BUTHE KOMIIAKTHBIX KJIOHOB 10 THITY:
MOJIOZOCTb — 3PEJIOCTh — CTAPOCTh — OMOJIOXKEHHE, JAOLIIEE Oy
MM BO3MOXKHOCTB JUTHTEJIBHO YZEPKHBATh 3aHATOE MECTO B LIEHO3E
(ibid). ITonoGHOE pa3BuTHE, IO HAIIEMY MHEHHIO, XapaKTepHO M [UIS
nobemn [loptmanHa. Tak, B 03. benbckoe n3ydeHHble HaMH €O00-
IIECTBA 3TOTO BU/A B TEX JKE CAMBIX MECTOOOHTAHMSIX OBLTH OTMEUEHBI
TIepBBIM aBTOpOM erie B 1974 romy, U, BOSMOXHO, C(HOPMHUPOBATINCH
TaM €ILIC PaHbILe.

BbIBOoabI

PesysbraTh! MccieoBaHMi TIOKa3aJId, YTO B OJMTOTPO(MHBIX 03¢-
pax TBepckoii 0bacTy OHTOTeHe3 reHeTs! J1odenu JlopTMaHHa UTHT-
Cs B TeUCHHUeE IIATH JIeT. B oHTOreHe3e renets! L. dortmanna BbIIEIEHO
M OIMCAHO HYeThIPe Meprofa (IIEPBUYHOIO MOKOsL, PEreHePaTUBHBIN,
TEHEPATHBHBIA W TIOCTICHEPATHBHBINA) U JIEBSTH BO3PACTHBIX COCTOS-
HUI oco0ell (ITOKOSIIIecs: ceMeHa, TPOPOCTKH, IOBEHIUIBHEIE, MOJIO-
Il M B3POCIIbIC BEICTATUBHBIC, CKPBITOICHEPATHBHBIC, CPEIHEBO3-
pacTHbIe ¥ CTapble TeHepaTUBHBIC M KBasUCEHIIbHbIE). [loHas Mop-
(honoruyeckas Jie3uHTerpalms (BereTaTHBHOE Pa3sMHOXKEHHE) Y Jio0e-
JIMM HACTYTIAeT HA ILITOM TOAY JKM3HU U MPUBOIMT K 0Opa3oBaHMIO
KOMITAKTHOTO KJIOH.
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Pa6oTa yacTH4HO BBIONHEHA B paMKax rocyaapcrBenHoro 3aganus ®PAHO
Poccunt (Tema Ne AAAA-A18-118012690099-2).
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Introduction

Bogdanova, A. A., & Flerova, E. A. (2018). Biochemical and hematological composition of blood of cattle fed with
Chlorella. Regulatory Mechanisms in Biosystems, 9(2), 244-249. doi:10.15421/021836

We researched the influence of the additive Chlorella cultivated in a closed bioreactor under the influence of an
electrostatistic field, on the biochemical and hematological parameters of blood in different age groups of cattle.
The experiment was conducted on two groups of three month old heifers and two groups of lactating cows in the 7th month
of lactation, with 15 individuals in each group; all animals in the groups were given the basic diet. During the 120-day
experiment, the experimental group of heifers was fed on a suspension of Chlorella cultivated with the technology using an
electrostatic field, in the following amounts: 1-30th day — 1.51 g, 31-60th day — 1.82 g, 61-90th day — 2.01 g, 91-120th
day — 2.28 g of dry substance per individual daily; the group of lactating cows during 60 days was given the Chlorella
additive to the amount of 6 g of dry substance per individual per day. Over the following 30 days the heifers and lactating
cows were kept under observation to determine the “aftereffects” of the Chlorella suspension fodder additive. On the first
day of the experiment and after every 30 days, blood was drawn from the animals’ jugular veins for determination of the
biochemical and hematological parameters of the blood During the experiment, the experimental groups of heifers and
lactating cows were observed to have a strengthened antioxidant system due to increase in the activity of superoxide
dismutase and catalase, and also to have a strengthened hematopoietic function and intensified metabolic and redox
processes. Due to the stimulating effect of the suspension of Chlorella cultivated using the intense technology involving
using an electrostatic field on the erythro- and leukopoiesis of different age groups of the cattle, we determined a
strengthening of the cellular element of the animals’ immune system. During the following 30 days, the heifers and
lactating cows of the experimental groups were observed to exhibit “aftereffects” of the Chlorella suspension additive,
namely increases in the values of biochemical, hematological and morphological indicators of the blood in comparison with
these indicators for the animals in the control groups. As a result, we concluded that feeding different age groups of cattle
with suspension of Chlorella cultivated in the conditions of a closed bioreactor under the influence of an electrostatic field,
in the dosage of 155 ml per kg of dry substance of the animals’ diet, contributes to the strengthening of non-specific defence
of their organism, forming a potential for increasing the productive indicators and maintenance of the livestock.

Keywords: lactating cows; heifers; bioreactor; electrostatic field; fodder additive; leukogram

group B (Panahi et al., 2015). The microalgae contains peptides,
alkaloids, polysaccharides, which can be used as both antimicrobial

A promising method of improving the efficiency of the indicators
of productivity of agricultural livestock is improving their digestion of
fodder, which is achieved through adding a broad spectrum of highly
biologically active micro-nutrients. It is known that the natural food
additives made of algae possess a broad spectrum of biologically
active substances with high biological accessibility for the organism
of cattle. One such additive is suspension of Chlorella. The latter is
one of the most widely cultivated eukaryotic green microalgae and is
grown to be used as an additive to the food of animals and humans,
and is also used in the pharmaceutical and cosmetological industries
all around the world, especially in Asian countries, such as Japan,
Taiwan, and Korea (Ogbonna, 1997; Lee, 2001; Pulz & Gross, 2004;
Becker, 2006; Spolaore, 2006; Bishop & Zubeck, 2012; Lum et al.,
2013; Guccione, 2014; Costa et al., 2016).

In the conditions of optimum growth, the biomass of Chlorella
consists 25-50% of protein, 5-35% of carbohydrates and 5-20% of
fat which is present as non-saturated fatty acids, the greater part of
which is stearic, oleic, arachidonic, linolenic and linoleic acids, 5—
10% of mineral substances, mostly consisting of phosphorus, sulfur
and magnesium, and also carotene, vitamins C and K and vitamins of
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and antibacterial substances, and likewise, Chlorella has antioxidant
properties, for it contains antioxidant enzymes, such as superoxide
dismutase and catalase (Shibata et al., 2003; Lee et al., 2010; Aliah-
mat et al., 2012; Zheng et al., 2012; Flerova & Bogdanova, 2014).

The most economically efficient biotechnological solution is cultiva-
ting Chlorella microalgae in devices of an open type, but in territories of
mild climatic zones with constantly changing weather conditions, this
method is impossible to implement (Borowitzka, 1999; Carvalho et al.,
2006; Del Campo et al., 2007; Christaki et al., 2011; Huo, 2012). To solve
this problem, a technology was developed to cultivate Chlorella in con-
ditions of a closed type bioreactor using the stimulating effect of an elect-
rostatic field, which allows a large amount of biomass to be obtained on
small areas at low cost and with no loss of the algae’s nutritional values
and fodder qualities necessary for improving the productivity and mainte-
nance of livestock. This technology allows a suspension of Chlorella to be
obtained with a density of no less than 50 M cells per a ml every 48 hours
(Flerova & Bogdanova, 2014; Schmigel et al., 2015a, 2015b).

The effect of suspension of Chlorella grown using the developed
technology on the organism of cattle remains an open question.
The study of this issue is impossible without analyzing the biochemi-
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cal composition and hematological parameters of the blood, which
characterize the functional condition of an organism.

The objective of this study was the analysis of biochemical and
hematological blood parameters of different age groups of Yaroslavl
breed cattle following addition of a suspension of Chlorella cultivated
in an electrostatic field to their main diet.

Materials and methods

The studies were carried out on the premises of “Mologa” Ltd. in
Yaroslavl Oblast on heifers and lactating cows of Yaroslavl breed of
cattle. The animals for experiments were selected using the principle of
analogous pairs in accordance with standard methodological recom-
mendations, taking into account breed, age, average live body weight,
origin, average daily growth among heifers, and average daily milk
yield of lactating cows (Table 1) (Viktorov & Menkin, 1991). Throu-
ghout the experiment, the heifers and cows of the control and experi-

mental groups received a daily food diet of nutritional value which
equaled the norm for animals of a corresponding age (Makartsev, 2012).

Apart from the main daily diet, the animals of the experimental
groups in “Mologa” Ltd. were fed with Chlorella suspension. These
microalgae were cultivated in the conditions of a closed bioreactor
under the influence of an electrostatic field of 15 kV pressure
(Schmigel et al., 2015a; Schmigel et al., 2015b). This bioreactor is a
device for cultivating Chlorella, which consists of 2 aquariums on a
metal frame (in the upper aquarium, the water is held and a growth
medium is prepared; in the lower aquarium, the Chlorella grows),
two reservoirs, in this case barrels, were placed on a frame for
maintenance of the prepared Chlorella suspension and a control unit
for automizing the process of Chlorella suspension cultivation. The
stimulation of Chlorella suspension by electrostatic field was carried
out using a system of electrodes fixed on the parallel walls of the
reservoirs. The electrodes were applied to the source of constant
electric current, which was placed in the control unit (Fig. 1).

Table 1

Characteristics of experimental groups of Yaroslavl breed cows

Indicators Heifers . Lactating cows .
control experimental control experimental

Number of animals, ind. 15 15 15 15

Average live body weight, kg 68.3+3.5 69.7+4.1 480+21.7 499+234

Average daily growth, g 567+23.7 560+25.1 - -

Age group heifers below one year first heifers

Origin Dobry line Dobry line

Maintenance 1*to 6™ month — group; 6™ month — tie housing tie housing

Average daily milk yield of natural milk during 100 days of lactation, kg - 2438+ 1.18 24.53+0.92

Average daily yield of 4% milk during 100 days of lactation, kg — 2456+ 1.19 24.86 +0.93

Fig. 1. Bioreactor for cultivating Chlorella in an electrostatic field: / — device for cultivating Chlorella in an electrostatic field;
2 — barrels for maintaining the prepared suspension of Chlorella; 3 — control unit with a source of constant electrostatic field
and automatization of the process of cultivating Chlorella suspension; 4 — cover of the reservoir for maintaining Chlorella
with a system of light-emitting diodes and an impeller mixer

Throughout the experiment, a new portion of Chlorella
suspension with cellular density no less than 50 M/ml was obtained
every 48 hours. The amount of Chlorella suspension for heifers and
cows was calculated using the recommendations stating that the
heifers which change their diet to roughage require 300-500 ml of
Chlorella suspension per individual daily (Bogdanov, 2004). For
determining the norm of feeding with Chlorella suspension, an
experiment had been previously conducted on Yaroslavl breed heifers
r. On the basis of this experiment, a recalculation for lactating cows
was made, which determined that the norm of feeding with the
Chlorella suspension per kg of dry substance of daily ration for one
animal is 155 ml (Bogdanova & Flerova, 2016).

The heifers received Chlorella suspension in the following
amount (ml/individual per days): 1-30th day of the experiment — 550,
31-60th — 660, 61-90th day — 730, 91-120th day — 830, which in

recalculation to dry substance (g/individual per days) was: 1-30th day
of the experiment — 1.51, 31-60th day — 1.82, 61-90 day — 2.01, 91—
120th day — 2.28. The Chlorella suspension was fed to the heifers
individually using special plastic bottles. During 60 days, the lactating
cows were given 2,180 ml per individual a day, which in recalcula-
tion to dry substance was 6.02 g per individual a day.

Chlorella suspension was given individually after morning feeding:
the heifers received it throughout 120 days, the cows received it
during 60 days, and over the following 30 days were kept under
observation to determine the “aftereffects” of the fodder additive. On the
first day of the experiment and after every 30 days, before morning
feeding, blood was drawn into a vacuum test tube from the jugular
vein of the control and experimental animals.

The composition and ratio of leukocytes were analyzed using
Giemsa stain. The identification of leukocytes used “The Atlas of
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Blood Cells of Agricultural and Laboratory Animals” (Nikitin, 1949).
Under the Mikmed-6 microscope, 200 cells were calculated on each
blood smear, including lymphocytes, monocytes, neutrophils, eosino-
phils, basophils. The number of leukocytes was calculated using the
standard method of a hemocytometer (Kondrahin, 2004). The number
of erythrocytes and the amount of hemoglobin was determined using
an Advia 60 automatic hematological analyzer with a Timepac box
complex reagent (USA-Germany).

The activity of superoxide dismutase was determined in blood
hemolysate obtained by adding 0.9 ml of water to 0.1 ml of blood,
and centrifuged at 5,000 rotations per minute during 30 minutes. We
used the spectrophotometric method based on recovering of nitrotet-
razolium by superoxide radicals formed as a result of interaction bet-
ween phenazinemetasulfate and recovered form (NAD). The activity
of the enzyme was determined at 540 nm wave length and expressed
in conventional units per mg of hemoglobin (Chevari et al., 1985).
The catalase activity was determined in the blood serum using the
spectrophotometric method after adding 0.1 ml of homogenate to

Table 2

2 ml of 0.03% solution of hydrogen peroxide. Instead of homogenate,
0.1 ml of distilled water was added to a dummy tube. The reaction
was stopped after 10 min by adding 1 ml of 4% solution of ammo-
nium orthomolybdate, the activity of the enzyme was expressed in [U.
The staining intensity was determined at 410 nm wave length
(Korolyuk et al., 1988).

The parameters of the studied features were calculated using
statistical methods. We determined the arithmetic mean (M), and the
standard error (SE). For determining the differences between the
average values, we tested the statistical hypotheses using Student’s t-test
(P <0.05) after a preliminary calculation of normal distribution.

Results

Heifers. The results of the study showed that the proportion of
different forms of leukocytes in the blood of heifers from the control
and experimental groups was within the physiological norm
throughout the experiment (Table 2).

Proportion of different forms of leukocytes in the blood of heifers (M = SE, n=15)

Neutrophils, %

1 1 0, T 1l< ©, 0, 0,
Oft;{:z f;:r(i)r(rilem Groups Basophils, % Eosinophils % Band neutrophils _ with segmented nuclel Lymphocytes, % Monocytes, %

Norm” 0-2 3-8 2-5 20-35 40-75 2-7

1 day control 0 4.10+0.33 3.10+0.11 20.6+1.1 68.4+0.7 3.70+0.49

experimental 0 4.40+0.59 320+0.14 20.6+04 69.4+3.6 3.40+0.33

30" day control 0 4.50+0.35 3.29+0.33 20.5+0.7 683+1.5 2.79+0.26

experimental 0 4.71+0.29 3364023 20.5+0.7 682+1.6 2.86+0.15

60" day control 0 4.75+0.42 320+£0.22 20.6+04 682+04 2.80+£0.22

experimental 0 491+0.54 330+0.14 209+0.7 68.3+0.2 290+0.21

90" day control 0 446+0.23 321+£0.24 20.1+0.3 68.7+ 1.0 321+0.39

experimental 0 4.65+0.34 3.64+023 209+0.5 689+0.8 329+0.16

120" day control 0 456034 3.28+0.39 203+0.5 69.1£0.3 3.07+021

experimental 0 474+0.23 3.71+0.29 20.7+04 69.6+0.9 321+£035

150" day control 0 4.59+0.27 324+0.25 20.6+0.5 69.5+0.2 3.18+£0.26

experimental 0 4.64+0.17 3.68+0.33 209+0.9 69.6+0.7 325+043

Note: * —P < 0.05 according to Student’s t-test compared to the control; * — according to Nikitin (1949), Kondrahin (2004).

It should be mentioned that at all stages of the experiment, no
basophils were found in the blood of heifers from the control and
experimental groups (Table 2). The heifers of the experimental group
were observed on the 90th day and before the end of the experiment
to have some increase in the relative number of band neutrophils
compared to the control values (Table 2).

Table 3
Hematological parameters of Yaroslavl heifers (M = SE, n = 15)

Period Erythrocytes,  Hemoglobin, Leukocytes,
ofe  Grows PG el 0

experiment norm’ 5.0-75 99-129 4.5-12.0

1% day control 5.74+0.24 1092+53 6.87+0.23

experimental ~ 5.72+0.29 110.0+5.0 7.16+0.39

300 day control 5.70+0.21 1052+22 828+041

experimental  5.82+0.56 109.8+6.4 8.67+0.51

60" day control 5.76+0.16 109.0+3.0 9.57+021

experimental  5.88 +£0.22 117.0+£2.0*  1024+049

90" day control 591+0.21 109.8+3.9 10.30+0.43

experimental ~ 6.38+0.19% 1142429 11.01+0.38

120" day control 593+0.27 108.8+3.8 10.50+£0.26

experimental ~ 6.46+0.25* 113.5+4.1 10.36 +£0.06

150" day contr(_)l 5.98+0.21 110.6+2.7 1023 +043

experimental 641 +0.23* 1142+20 10.45+0.18

Note: * — P < 0.05 according to t-criterion compared to the control; © —
according Nikitin (1949), Kondrahin (2004).

During the study, we observed a statistically insignificant increase
in the total number of leukocytes within the physiological norm in both
groups of animals (Table 3). The number of erythrocytes among heifers
of the experimental group was a little higher on the 30th and 60th days
of feeding with Chlorella suspension compared to this parameter in the
blood of animals from the control group. Then, this parameter reliably
increased on the 90th and 120th days of the experiment in comparison
to the same parameters for the control by 7.95% and 8.93% respect-

tively, and this excess remained on the 30th day after the feeding with
Chlorella suspension was over and equaled 7.20% (Table 3). At the
same time, the hemoglobin content of animals from the experimental
group exceeded this parameter in the control group, and by the 60th
day, the difference between the content of hemoglobin in blood of
animals from the control and experimental group was 7.30% and was
statistically significant (Table 3). On the 90th and 120th days of the
experiment, we observed some increase in the content of hemoglobin in
blood of animals from experimental group compared to the control, and
this tendency remained on the 30th day after the feeding with the
suspension additive was over (Table 3).

Table 4
Activity of the enzymes of anti-oxidant system of Yaroslavl heifers
at the stages of study (M £ SE, n= 15)

SOD, conv.units/mg

Period of the Groups . CAT, IU
experiment + of hemoglobin
Norm 1.0-7.5 20-60

1* day contrql 439+0.33 39.40+£0.30

experimental 497+0.14 42.00+2.91

30" day contr(_)l 4.13+0.58 34.80+1.52

experimental 4.70+0.76 36.00+£2.72

60" day contrql 4.86+0.75 3290+ 1.25
experimental 5224037 36.00 +0.50*

90" day contr(_)l 4.68+0.19 35.78+2.78
experimental 5.06+0.28 40.20 +2.06*

1200 day control 474+0.24 3538+ 1.44
experimental 5.10+0.19 3940+ 1.71*

150" da control 481+0.28 36.18+1.74
y experimental 5.15+0.34 39.42 +£2.29%

Note: * — P < 0.05 according to t-criterion compared to the control, SOD —
superoxide dismutase, CAT — catalase; ~ — according to Kondrahin (2004).

At the beginning of the experiment, the heifers of the experiment-
tal group were observed to have an increase in the activity of catalase
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in the blood serum; on 60th, 90th and 120th days it was significantly
higher compared to the control, equaling 9.4%, 12.4% and 11.4% res-
pectively (P < 0.05), on the 30th day after the end of feeding with
Chlorella suspension, this increase remained statistically significant,
equaling 8.9% (Table 4). It should be mentioned that throughout the
experiment the activity of superoxide dismutase in the experimental
group was a little higher than in the control group. However no
statistically reliable increase in this parameter compared to the control
was observed (Table 4).

Lactating cows. The proportion of separate forms of leukocytes
in the blood of lactating cows of the control and experimental groups
was also within the physiological norm (Table 5). No basophils were
found in the blood of animals from either group. By the 30th day of

Table 5

the experiment, the relative number of band and neutrophils with
segmented nuclei in the blood of lactating cows of the experimental
group had slightly increased compared to the similar parameters of
the control, and this tendency remained throughout the period of
feeding with the additive.

It should be mentioned that on the 60th day, we observed a
statistically significant increase in the number of eosinophils in the
blood of lactating cows of the experimental group by 2.2% compared
to the control value. On the 90th day, the number of monocytes in the
blood of cows from the experimental group increased by 2% com-
pared to the control (Table 4). Over the experiment, the hematological
parameters of blood of lactating cows from the control and experi-
mental groups were within the physiological norm (Table 5).

The proportion of separate forms of leukocytes of lactating cows of Yaroslavl breed (M + SE, n = 15)

Neutrophils, %

: 1 0, 3 1lc O, 0, 0,

f;inﬁir(;fe trlllte Groups Basophils, % Eosinophils % band neutrophils_with segmented nuclel Lymphocytes, %  Monocytes, %
P Norm 02 38 25 2035 4075 27

1* day control 0 4.00+1.16 493+0.70 20.6+14 73.6 £2.5 2.57+0.86

experimental 0 3.71£2.30 479+1.26 20.1+13 75.0+3.1 2.836+1.70

30" day control 0 3.92+0.88 4.43+0.69 206+1.3 69.4+2.7 2.07+0.25

experimental 0 4.00+0.54 464+143 220+12 73.7+3.1 3.14+0.85

60" dar control 0 429+0.75 3.88+1.88 20.6+1.8 685+2.6 3.23+1.05

Y experimental 0 6.50+0.51* 4.14+1.79 206+14 709+3.6 321+1.24

90" dar control 0 6.64+1.66 4.00+2.08 20.1+19 63.0+3.8 2.36+0.84
Y experimental 0 6.71£2.08 443+1.87 21.9+19 59.9+44 436+ 1.19%

Note: * —P < 0.05 according to t-criterion compared to the control; * — according to Nikitin (1949), Kondrahin (2004).

On the 30th day of the experiment, the number of erythrocytes of
animals from the experimental group statistically significantly increa-
sed by 15.3% compared to the parameters of the control group, the
observed tendency remained on the 60th and 90th days of the
experiment and the excess of this parameter in the blood of animals
from the experimental group was 5.1 and 4.5% respectively. At the
same time, against the background of increase in the number of
erythrocytes, an increase occurred in the content of hemoglobin in the
blood of animals from the experimental group, which by the end of
the 60th day equaled 8.4% (P < 0.05), this excess remained on the
90th day of the experiment, equaling 6.8%. On the 30th and 60th days
of the experiment, the total number of leukocytes in the blood of
lactating cows of the experimental group was slightly higher than it
was in the blood of animals from the control group (Table 6).

Table 6
Hematological parameters of lactating cows of Yaroslavl breed (M £ m)
Period  Groups,n=  Erythrocytes, Hemoglobin,  Leukocytes,
of the 15 101 g/l 101
experiment  Norm 5.0-7.5 99-129 4.5-12.0
1% day control 5.00+0.23 99.2+43 8.90+1.31
experimental ~ 5.00+0.34 100.0+5.0 9.00+1.49
30t day control 5.11+£0.13 99.0+1.6 8.65+0.50
experimental ~ 5.89+042*  102.0+5.0 9.02+0.58
60" day control 5.06+0.16 96.9+2.8 7.72+0.83
experimental ~ 5.32+0.19% 105.0 +3.0* 7.90+0.80
90" day control 531+0.12 103.0+2.0 7.98+0.25
experimental ~ 5.55+0.22 110.0 +3.0* 7.97+0.20

Note: * — P < 0.05 according to t-criterion compared to the control; * — accor-
ding to Kondrahin (2004).

Throughout the experiment, the parameters of activity of catalase
and superoxide dismutase among animals of the control and experi-
mental groups were within the physiological norm. It should be
mentioned that the parameters of the activity of superoxide dismutase
and the activity of catalase of cows which received the Chlorella
additive, were slightly higher than those of animals from the control
group throughout the experiment (Table 7).

Discussion
Analysis of data from the literature showed that no experiment with

usage of suspension of Chlorella stimulated by electrostatic field as a
fodder additive for animals had been conducted before. However, there
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are detailed descriptions of the impact of the microalgae cultivated using
other technologies, on the organism of both laboratory and agricultural
animals. Use of concentration of Chlorella had a physiological and
pharmaceutical effect on the organism of mice and rats, manifesting a
stimulating effect on the lipid metabolism, immune modulating and
antibacterial activity of the organism of laboratory animals (Hasegawa
et al., 1997; Shibata et al., 2001). Also, this microalgae showed strong
antioxidant properties which prevent the effect of oxidative stress, when
it is used in treating mice with naphthalene intoxication, and also rats
suffering from diabetic disorders and oxidative stress under the impact
of cadmium (Shibata et al., 2003; Vijayavel et al., 2007, Kim et al.,
2009). It has been demonstrated that Chlorella participates in modeling
immune reactions in the organism of animals and increases the activity
of hematopoietic cells which prevent the development of tumours (Ta-
naka et al., 1984; Tanaka et al., 1990; Ramos, 2010).

Table 7
Activity of enzymes of anti-oxidant system of lactating cows
of the Yaroslavl breed at the stages of the study (M + SE, n = 15)

Period of the Group SOD, unit /mg of hemoglobin CAT, pmol/l
experiment Norm * 1.0-7.5 20-60
1 day control 3.59+0.38 2733+239
experimental 3.64+0.33 27.17+3.59

30st day control 3.45+0.96 31.69+2.80
experimental 4.15+1.01 32.12+448

60" day control 2.36+0.50 33.67+5.39
experimental 2.39+037 34.76 + 8.35

90" day control 248+0.24 29.45+0.23
experimental 2.67+0.37 29.57+0.29

Note: * — P < 0.05 according to the t-criterion in comparison with the control;
SOD - superoxide dismutase, CAT — catalase; * — according to Kondrahin (2004).

Feeding different age groups of pigs and cattle with Chlorella
suspension contributed to increase in hemoglobin in the blood,
increase in the number of erythrocytes and some forms of leukocytes.
Using Chlorella suspension as a fodder additive in diets of different
age groups of pigs caused increase in the number of monocytes and
decrease in the level of cholesterol in blood serum, and using the
microalgae in the diet of young cattle caused normalization of the
physiological parameters of the animals’ blood serum, strengthened
enzyme activity and increased content of y — globuline fraction of
protein (Kotrbacek et al., 1995; Doucha et al., 2009; Yan et al., 2012;
Oshurkova et al., 2015; Panov et al., 2016; Lamminen et al., 2017).
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The results of our experiments coincide with the data provided by
other researchers and demonstrate that the biochemical composition
and hematological parameters of the blood of heifers and lactating
cows which received an additive of suspension of Chlorella
cultivated in a closed bioreactor under stimulation by electrostatic
field, in the amount of 155 ml per a kg of dry substance of the
animals’ diet were within the physiological norm regardless of the
duration of feeding. We demonstrated the Chlorella suspension’s
stimulating effect on erythro- and leukopoiesis of different age groups
of cattle, and also the shift of leukogram towards increase in the
relative number of separate forms of leukocytes and increase in the
hemoglobin count. Increase in hemoglobin when there is increase in
the number of erythrocytes within the physiological norm according
to the data on blood parameters of heifers and lactating cows of the
experimental groups indicates the increase in the speed of redox
reactions, contributes to increase in the oxygen capacity and provides
the tissues with oxygen, thus causing strengthening in metabolic
processes in the organism of animals (Nadarinskaya, 2004; Krisanov
etal., 2014). At all stages of the experiment, we found no basophils in
the blood of heifers and lactating cows of the experimental groups,
which indicates absence of allergic reactions in the organism, such as
allergic reactions to fodder elements, including Chlorella suspension
(Kondrahin, 2004; Karasuyama et. al., 2011).

The animals which received the addition of Chlorella were
observed to have an increase in parameters of catalase and superoxide
dismutase throughout the experiment. We demonstrated that the
increase in the activity of superoxide dismutase was followed by
activation of catalase activity parameters both among heifers and cows
of the experimental groups, which indicates absence of disbarlance in
the antioxidant system (Nistico et al., 1992). We determined that
feeding different age groups of cattle with Chlorella additive stimulates
the system of antioxidant protection of the organism of animals, thus
increases the level of non-specific resistance (Kondrahin, 2004). As we
know, the overall changes in the biochemical and hematological
parameters analyzed in the study within the physiological norm also
indicate the increase in non-specific immunity of animals (Krapivina et
al., 2011). It should be mentioned that regardless of the age of animals
which receivied the Chlorella additive, the organism’s response
occurred on the 30th day of the experiment, and also the “aftereffect”
was observed for a period of 30 days after the feeding with the
additive was stopped.

Conclusion

Therefore, we demonstrated the usefulness of including the
suspension of Chlorella cultivated using the intensive technology
using an electrostatic field, with cellular density of no less than 50 M
per aml in a dosage of 155 ml per kg of dry substance of the diet, in
feeding different age groups of cattle, for it has a complex effect on
increase in the biochemical, hematological and morphological blood
parameters, strengthening metabolic processes and increasing the
non-specific immunity of animals, which in its turn contributes to the
formation of the potential for increase in productive parameters and
maintenance of cattle. Therefore, we demonstrated that the suspen-
sion of Chlorella cultivated with intensive technology using an
electrostatic field, with cellular density of no less than 50 m per a ml
is useful in feeding cattle of different age groups in a dosage of 155 ml
per kg of dry substance of the diet.
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In today’s wheat production, the trends focused on the revival, selection and implementation of forgotten regional
grain crops, the so-called "antique" cereals, have been clearly identified. One of these is the ancient hexaploid species of
wheat — spelt (Triticum spelta). One of the main reasons that have contributed to the revival of this type of wheat in
recent years is its tolerance to growing conditions and capacity to endure the natural and climatic factors of the
environment, which allows it to be grown without an excessive use of plant protection products. It is precisely because
of this feature that hulled wheat is referred to as "environmentally friendly”. Spelt is capable of yielding stable crops
without strict adherence to the production technology and may be a great alternative to soft wheat. The growth in
demand for this crop is also due to a complex of economic and valuable traits inherited from its wild ancestors. This
review analyzes and summarizes the information about the origin of spelt, presents biological characteristics, discusses
the perspectives for using the species in breeding work when implementing interspecific hybridization and compares
the structure and genome evolution. The achievements on the revival of spelt as an independent species and its use as a
source of economic and valuable traits in breeding programs of crosses with soft wheat are highlighted, examples of
successful use of the economic and valuable traits of spelt for the improvement and creation of new high-quality wheat
varieties are presented. Data on this superiority of grain from this species over that of genetically close wheat species are
presented. The varietals’ characteristics for spelt varieties of Ukrainian selection are given. Such important spelt
characteristics as resistance to biotic and abiotic stressors, high quality grain composition and yield have been analyzed.

Keywords: hulled wheat; free-threshing wheat; phylogeny; wheat genome; economically essential features; selection process

Triticum spelta: noxoaxeHHs, 01010TTYHA XapaAKTePUCTHKA,
nepcneKTHBY BUKOPUCTAHHS B ceJIeKIil Ta ciIbcbKOMY rocnogapcTBi

JI. M. Babenko*, I'. M. 'ocnionapenko**, P. B. Poxkos***, 5. ®. [Tapiii***,
M. @. [Tapiit***, A. B. babenko*, 1. B. KocakiBcpka™

*Iucmumym 6omanixu iveni M. I'. Xonoownoeo, Kuis, Ykpaina
**Vmancokutl HayioHanbHuil yHisepcumem cadisHuymea, Ymanv, Ykpaina
***Beeykpaincvruil Haykoeutl incmumym cenekyii, Kuis, Yxpaina

VY cydacHOMy BHpPOOHMIITBI IIICHMII YiTKO IIO3HAYWINCS TEHJCHII, 30Cepe/KeHi Ha BIIPO/DKCHHI, CENEKIHi Ta BIPOBADKCHHI 3a0yTHX

PerioHabHUX 3ePHOBUX KyJBTYp, TaK 3BaHUX «AHTHYHMX» 37akiB. OfMH 13 TakKMX 37IaKiB — CTApOAABHIN TeKCAIUIOIHMIA BHJI MILCHHUII — CIIENBTA
(Triticum spelta). CriesibTa HEBUMOIVIMBA, POCTE HAa MAJIOPOMIOYMX IPYHTaX, CTiKa 0 XOJOJY, HAJMIPHOIO 3BOJIOXKEHHS, JA00pE CXPELIyeThCs 3
TETPAIUIOiHIMY IIICHALIIMYL, 3aBJIKU YOMY BUKOPHUCTOBYEThCS y CEEKIIHUX MporpaMax it HOJIMIIEHHS TBepol Ta M’AKOl MIIeHHIb. YBara 10
CreNnbTH y KpaiHax €Bponu 3yMOBJICHA 1i MPHAATHICTIO O MaJOBUTPATHOIO OPraHiYHOro 3eMJIepOOCTBA, XapyOBOIO Ta TEXHOJOTIYHOIO SIKICTIO.
BukopucTaHHs CrieibTH, SIK PKepelia 3 BUCOKAM BMICTOM OlTka 6araToro He3aMiHHMMK aMiHOKHCIIOTaM, JUIsl TOJIIIIEHHsT TEXHOJIONTYHOTO MOTeHIIIATY
OOpOILIHA i/l YaC BUPOOHHIITBA XI1i0a, JOCUTH TeperiekTrBHe. OCHOBHA NMPHUYKHA, 10 CMIPHSUIA BIAPODKEHHIO CIIEIIBTH, — il HeBUOATIIMBICTh JI0 YMOB
KyIbTHBYBAHHS Ta BUTPUBAICTH JI0 IIPUPOAHO-KITIMATHYHNX YMHHUKIB cepenouma. Crenbra He oTpeOye HaMIPHOTO 3aCTOCYBAaHHS 3aCO0IB 3aXUCTY
pocnuH, Yepe3 10 il HA3UBAIOTh «EKOJIONYHO JPY)KHBOIO». B oI MpoaHasizoBaHO Ta y3arajdbHEHO BiZIOMOCTI IMPO MOXOJUKEHHS Ta MOIIMPEHHS
CIIENBTH, HABE/ICHO CXEMY EBOJTIOLIIT MOJIIUIOIIHNX BH/IIB MMILICHHULIb, BITOMOCTI PO TCHETUYHE PI3HOMAHITTSI Ta OI0JIOTI4YHI O3HAKH CIIEIbTH, 0OrOBOPEHO

250 Regul. Mech. Biosyst., 9(2)



TMePCIIEKTUBY BUKOPUCTAHHS By B CeJEKLiHHii poOOTi 1 31ifiCHEHHs MDKBHIOBOI TiOpuImM3alii Ta MOpIiBHAHHS OYIOBH Ta €BOJIOLIl F€HOMIB.
BHCBITIICHO [OCSTHEHHS 3 BifPODKEHHS CIHEIBTU K CAaMOCTIHHOI Ky/NBTypH Ta BHKOPHCTAHHS BHJY B CENCKIIHNX IIporpamax CXpellyBaHb i3
TIICHHUICI0 M’SIKOI0, HABEJICHO MPHKJIAIM YCHIIIHOTO BHKOPHUCTAHHS I'OCHOJAPCHKO-IHHUX O3HAK CIEJIBTH IS MOJIMIIECHHS Ta CTBOPEHHS HOBUX
BHCOKOIPOIYKTHBHUX COpPTIB MiieHHIl. [10/1aH0 BiIOMOCTI Mpo IepeBard 3epHa wLi€l KyJbTypd HaJl T€HETUYHO CIIOPITHEHHMH BHAAMH IIIICHHMIIL.
HaBezieHO cOpTOBI XapaKTEpHUCTHKH CIIENBTH YKpaiHCBKOI cenekiyii. [IpoanasizoBaHo Taki BaXkJIMBI TIOKa3HUKH CIIEIBTH SIK CTIHKICTh 10 OIOTMYHMX Ta

abiOTHYHUX CTPECOPIB, AKICHUI CKIIA]] 3¢PHA, BPOXKAIHICTb.

Knrouosi cnosa: miB4acTa MieHUIIS; TOJI03epHA MILEHULIS; (UTOTeHis; TeHOM MIIEHHIl; TOCTIOAAPCHKO-[IHHI 03HAKH; CENEKIIIHHUI MpoLiec

Beryn

ITireHnIIs HANEXKUTD 10 TOJIOBHHUX 3EPHOBHX KyJIBTYp B YKpaiHi
Ta cBiTi. I cpaBeIMBO BBAXKAIOTH POCTMHOIO KyIETYPHOTO 3eMle-
pobcTBa — BoHa J1a€ CTiliKi Bpoykal TUTBKU 32 BHCOKOTO PIiBHS arpo-
TEeXHOJOTi. BaXuBHii eneMeHT TeXHOIOT I i BUPOIIyBaHHsI, KOTpHI
BIUIMBA€ Ha IPOAYKTHUBHICTb, — BUKOPHUCTAHHS BHCOKOBPOXKAHHHX
COPTIB, CTikKKX JI0 OI0TUYHHX 1 abioTHYHUX cTpecopiB (Morgun et al.,
2016). Po3Butok arpapHoi raiysi, o BiIOYBCS BIPOJOBK OCTAHHIX
JIBOX CTOJIiTh, MaB OJJHHM 13 HACIIKIB TCHETHYHY €pPO3if0 KyJbTYp-
HUX POCIIMH, 5IKa Y1 He HaiOLIbLIe MO3HAYMIACh Ha MieHui. [Ipu-
MIHEHO a00 3BEJICHO 0 MiHIMyMYy KYJIFTHBYBAaHHS BCiX BHIIB POIY
Triticum, oxpim T. aestivum L. Ta T. durum Desf., mo cipuanamino
3BY’)KEHHSI PI3HOMAHITTS T€HIB, SIKi 3yMOBIIOIOTH CTIHKICTH 70 0io-
THIHYX 1 abiotnanmx ctpecopis (Faris, 2014). TTociBu nmrenmwi cra-
JIM BPa3JIMBUMH, a 00CSTH Ta SIKICTh ypoyKaro — HecTaOutbHuMu. Huni
HalflonMpeHili 3a IUIoaMy Ta BaJIOBUMU 300pamu — 1. aestivum 1
T. durum (Goncharov & Kondratenko, 2008; Tverdohlib & Bogu-
slavs'’kij, 2012).

T. aestivum BUpOIIY€eThCA Ha Twiony Maibke 240 mmH ra. Takux
00csTiB He 3aiiMae KOHA iHIIIA 3ePHOBA KYJIBTYpa. 3a paxyHOK 3po-
CTaHHSI YMCEIIEHOCTI HaceeH s Y cBiTi 10 2030 poKy monuT Ha mire-
HUIO, SIK OYIKy€eThCs, 30uThIIMThCs Ha 40% (Dixon et al., 2009). J{ns
3aJJ0BOJICHHSI XapUOBHX IIOTpeO HEOOXifHEe IOpivHe 30LIbIICHHS
BpokaitHocTi Ha 2%. Ilpote cepemHbOPIUHI TEMITH BHPOOHMIITBA
3epHa MINEHHIII 3HAYHO BiJICTAIOTh BiJI TEMITIB POCTY HACEJICHHS IIa-
HETH. 3pOCTAIOUHi JHCOATAHC MOXIIMBO CKOPOTHTH 30UTBLICHHSIM
BHUPOOHHIITBA 3€pHA SIK 33 PAXyHOK PO3LIMPEHHS MOCIBHMX IUIOLL,
TaK 1 IIUIIXOM ITiIBUIIEHHS BpoXkaitHOCTi. [lepeBara BinmaeTeecs came
TTBUIIICHHIO BPOKAHOCTI, OCKITBKH MOCIBHI IUIOMNT y 6araTbox pe-
rioHax 3emti OCSrH abo TIePEeBUIIVIIN MEXi eKOJIOTIIHOI Oe3MeKn
(Reynolds et al., 2001). Lla meTa Moke OyTH TOCSTHYTa TCHETUIHUM
TIOJIIIICHHSIM 1 TIONIMOJNCHHSIM PO3YMiHHsI OlOJIOTIYHMX TPOLIECIB
pocivay. Po3nmpeHHs HalMX 3HaHb i PO3yMIHHS €BOJIIOLIIT MIIICHH-
11i, BKJIFOYaIOYX FeHETHYHI MEXaHi3MH, 1110 JIEXKATh B OCHOBI 0a30BHX
MPOLIECIB IOMECTHKALIL, sIKi CHOPMYBAIM TEHEPIIIHIO MIICHHULIO,
MO)Ke 3a0e3MeUlTH HOBI KIIFOUl IO PO3YMIHHS TOTO, SIK TEHETUYHE
PI3HOMAHITTSI, TOCTYIHE IpadaTbKaM AMKOI IIICHHIN, MOXe OyTh
BUKOPHCTAHE TS HIIarlii HOBOI CLTECHKOTOCIIOIAPCHKOT PEBOIIIOLIT
B yMoBax MinymBoro kiimary (Faris, 2009).

Ha teputopii Ykpainu 3a BIUIMBY NPUPOJHHX 1 aHTPOIIOTEHHUX
(hakTOpiB 13 TOCTYIIOBO 3POCTAIOUOK) YACTOTOK) HAOYBAIOTh MEBHOL
peabHOCTI 3MiHM KJIIMary, $IKi MOCHIIIOIOTh KOHTPACTHICTBH I10-
TOJHHX YMOB MDK POKaMH Ta OKPEMHMH Iepiofiamu poky. B Haii-
OMKIOMY MaliOyTHHOMY HPOTHO3YFOTHCS aHOMAIBHO XOJIO/IHI 3HMH
3 PI3KUMH TIepenaiaMy TEMIIEPATyp, HECTAuel0 CHITOBOTO TTOKPHBY,
YaCTUMH BiJTUTaMH, IO CHPUSIOTH YTBOPEHHIO JIb00BOI KipkH (Iva-
shhenko & Ivashhenko, 2008). 3umoBi Bimmiry, sIKi 4epryroThes 3
panToBMMH MOpO3aMH, 3aBIAIOTh PEAbHOI LIKOMH Ta 3HIDKYIOTH
YPOXKaHHICTh O3MMUX 3JIAKIB, JULS SIKUX YMOBH IIEPE3MMIBII — BH3HA-
YasbHi y mporieci Bereratii. PaHHe HaCTaHHST METEOPOJIOTIYHOI BECHH
30UIbIIYEe WMOBIPHICTD YIIKOKSHHSI POCIIMH BHACIIJOK BECHSIHHX
3aMOpo3KiB. Uepe3 HEeCHPUSATIMBI €KOJOTIYHI YMHHHUKH CIIOCTEpira-
€ThCSl TEHICHLIS 0 3HIDKEHHS BUPOOHHMITBA 3epHA IMIICHUIN. BBa-
xKaeTsesl, mo 10 50% ypoXkaro BTpavaeThes TUIBKH dYepe3 BIUIMB
abIOTHYHHX CTpecopiB (€KCTpeMasIbHI TeMIlepaTypH, IOCyXa, 3aco-
JIGHHS], BaXKKi MeTaJIH, YIIBTpadionerose onpomineHHs Too). [1le 10—
30% Bpokaro MOXke OyTH BTPA4YCHO BHACIIJIOK OIOTHYHMX YNHHUKIB
(Morgun & Major, 2009; Morgun et al., 2016). IuteHcrBHA cenekiis,
CIPSIMOBAHA HA MiIBHILECHHS BPOXKAWHOCTI, CIPUYNHIIIA 3HAYHE 30i/1-
HEHHS TeHO()OH[y MIUCHUIY, IO CIOHYKAIO BYEHHX [0 IOLIyKY
TIPUPOJTHIX HKEPEIT TOCIIOAAPCHKO-IIIHAMX O3HAK VTS 1i MOMIMIICHHS.

PO3BUTOK KyJIbTypH 3eMICpPOOCTBA Ta CIOKUBAHHS, OCOONMBO Y
MPOBIIHKMX KpalHaX CBITY, BUK/IMKAB YCBIIOMJICHHS LIMX Ta iHIINX
HETaTHBHUX PE3yJIbTATIB TeHETHYHOI epo3ii Ta MPUBEPHYB yBary 0
BHUJIOBOTO Ta BHYTPIITHHOBHIOBOTO Pi3HOMaHITTA muteruwi. [1lomami
AKTHBHIIIE BHKOPHCTOBYIOTh MiCLEBI ()OpMH Ta COPTH IIIICHHI
Jo0pe aTanToBaHi 10 YMOB BHPOILIYBaHHs (TaK 3BaHW [EPBHHHUI
TeHO(OH,T), BIIY TIICHHUII 1HIIIOTO PiBHS IUIOIIHOCTI, IPEACTABHUKH
OIIBBKOCTIOPITHEHOTO pofy Aegilops (BTOPUHHMIA TCHO(OH]T), & TAKOXK
BUJIM 1HIMX poJiiB — Agropyron, Secale, Hordeum (TpeTiHHMI TeHO-
¢oun) (Golik et al., 2016). TIpu upoMy 3HauHy yBary OpPUIULIIOTH
crenbTi. Crienbra HeBUMOIIMBA IO YMOB BUPOLLYBaHHS, POCTE Ha
MAJIOPOJIFOUHX IPYHTAX, CTIKA 0 XOJIOIY Ta HAAMIPHOTO 3BOJIOKEHHS
(Morgun et al., 2015), mobpe cxpemnryerses 3 TeTParuIoiHAMHA TIIe-
HULBIMH, 3aB/ISIKH YOMY IIHPOKO BUKOPHUCTOBYETHCS B CENEKLIHHIX IPO-
rpamax JuIsl MOKpamieHHs TBepaol Ta M sikoi mueHnns (Tverdohlib &
Boguslavs’kij, 2012). VBara 1o wiei KyabTypu y KpaiHax €Bpor
3yMOBJICHa il IPUAATHICTIO JI0 MAJIOBUTPATHOIO OPraHiqHOro 3emiie-
PpOOCTBa, XapUOBOIO Ta TEXHOJIOMYHOIO SIKICTIO, 1[0 J03BOJISE YaCTKO-
BO 3aMIHMTH CIEJIBTOI0 TpaauiiiiHo mominyrodi murenui (Golik
etal., 2016). OcraHHIM 9acoM CTa€ aKTyaJbHUM 30aradeHHsI Xap4o-
BUX TIPOAYKTIB KOMIIOHEHTaMH Di3HHX 3€PHOBHX KyJBTYp. Tomy
BUKOPHCTAHHS CIIEIBTH SIK JDKEpela 3 BHCOKMM yMICTOM OiIKa,
0araToro He3aMiHHMMH aMiHOKUCIIOTAMH, JIs TOJIIILIEHHS] TEXHOJIO-
TIYHOTO TIOTeHIjary OOpOIIHA I Yac BUPOOHWITBA Xiba JOCHTH
nepcrektrBHe (Podprjatov & Jashhuk, 2013; Hospodarenko et al.,
2016). Mera orsiny — aHaii3 i y3arajJbHEHHsI BIJOMOCTEH PO icTo-
pito oxomkeHHst 1. spelta, GioNOTiYHI XapaKTEPUCTHUKH Ta TMEPCIICK-
THBH BUKOPUCTaHHSI CIIEJIBTH Y CENEKLIHHINA po0oTi st 3AiHCHEHHS
MDKBUZIOBOI TiOpuauM3amii Ta MOPIBHIIBHOTO BHBYCHHS OYIOBH Ta
€BOJIIOLL{i TeHOMIB TIIICHHII].

Tloxox:xeHHs Ta icTOpisi MOIIMPEHHS CHeJIBTH

IMutansst QinoreHii CHeIBTH HEPO3PUBHO IIOB’S3aHE 3 BHHHK-
HEHHSIM 3arajloM FeKCaIuIoifHIX BB, 1 10 [IbOI0 Yacy HEMA€ OJIHO-
3HAYHOCTI MOIVISIAIB IO/IO il MOXO/pKeHH.. MH 3ylMHAMOCH Ha Haii-
OLTBII MOMMPEHHUX CyYacHNX TEOPisSX BUHUKHEHHS Ta €BOJIOLIT reK-
CaIUIOiTHMX BH/IB MIIEHHUII Ta CIENBTH 30KpeMa. OCKUTBKH TeKca-
TUIOHI BAM TIOXOZSTH BiJl TETPAIUIOiIHIX, NIEPIIOYEProBe 3aBIaH-
HS1 — BUSIBJIUTH TOH TETPAIUIOiTHUI BUJ, SIKUIl 1aB IOYaTOK IEPBHH-
HoMy rekcarvioiny. Cepex MOXIIMBHMX NEPBHHHHX TETPAILIOITHUX
BHJIIB MIIICHHMIIL, [II0 MOTJIM BilirpaTy MPOBIIHY POJib, BUIUIOTH Ta-
ki craponaBHi Bumw sik 7. dicoccoides, T. dicoccum, T. durum, T. car-
thlicum, T. ispahanicum, T. thimopheevii 11 HaBiTh MPHITYCKAIOTH
MO>KJTUBICTb TIOIIMPEHHS B MUHYJIOMY TiIOTETUYHHX BHIIB 1. parvi-
coccum 1n T. protopersicum, sIKi B pe3yJbTaTi CIIOHTaHHOI TiOpH-
Jw3anii nrenui 3 HocieM reHoMmy D ssp. strangulata Ae. squarrosa
(Ae. tauschi), mo, mBumIe 3a BCe, BinOynack y paioni Pomrodoro
MBMICSIIIS, JIAJTH TI0YaTOK TeKCAIUIOIHAM BHaM mieHui (Zhukov-
skij, 1971; Goncharov, 2009) (puc. 1). Illo cTocyeThest IEPBUHHOTO
TeKCAIUIOIHOIO BUY, TO i Ha Lie MMTAHHS OJHO3HAYHOCTI MOIJISIIB
Hemae. HuHi OUIBIICTD YYEHHX CXHMILIETBCS [0 TEOPil MOXODKEHHS
TOJIO3EePHMX TEKCAILIOITHIX BHUIIB MIICHHIT Bif miiB4acTux (7. spel-
ta L., T. macha Dek. et Men.) NUIIXOM HAKOIMYEHHS MYyTalliit
(Kuckuck, 1959), abo criagkoBo 3aKpiruIeHO! 3yNMHKA Ha KiHICBHX
erarax pPO3BUTKY B OHTOTEHE3i sIK OIOJIOriIHOMY MEXaHi3Mi JIoMec-
THKAII{ MIICHAI] — SBUILEC HEOTEHii B KyIbTypHHX pociiH (Bogus-
lavsky, 2008). OnHak iCHyIOTb TIPHITYLIHHS, 1110 I1i JBi TPYIIH reKca-
IUIOIIHKX TILIEHHUIb (TOJIO3EPHI Ta IUTIBYACTI) MOIVIM PO3BUBATUCH 1
HapayienbHo, TOOTO Maju ToMiieTiyHe NOXOMKeHHS abo HaBiTh
BHUBOJISTH IUTIBYACTI BUM Bifl rono3epHuX. Taki npuimyiieHHs 6asy-
FOTBCS Ha BIZICYTHOCTI apXEOJIOTIYHIX Ta JTIHTBICTUYHKX TaHHX, SIKi O
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YKa3yBaJli Ha OLIBII PAHHE ICHYBaHHS CIICIBTH MOPIBHIHO 3 M’ KOO
TIIEHHIEI0. ApXeoJoriyHuM 3Haxinkam 7. spelta 3 bimspkoro Cxo-
ny 6mmsbko 8 trc. pokiB (Kislev, 1984); Toxi sik 3HaiineHi 3aHIIKn
M’SIKOI TIIIIEHHII CTapii 32 HuX Ha Trcstay pokiB (Nesbitt, 2001; Gon-
charov, 2009). BriM, OUTBIIICTS aBTOPIB MPHITYCKAIOTH, IO TUTIBYACTa
meHns 1. spelta — HaliIaBHIOIMIA TEKCAIUIOUHII BHJ, Bi SKOTO
YTBOPWIIUCS BCI HIII B/, y ToMy wviciti reruns M sika (Hopf, 1983;
Luo et al., 2007). I1pote, 3Baxarour Ha 3HA4HI BIAMIHHOCTI y OyIOBi
MDK €BPOIEHCHKAM HiJIBUZIOM CIIENIBTH Ta a3iHCHKNM (32 THIIOM JIaM-
KOCTI KOJIOCY, OYZIOBOIO KOJIOCKOBHIX JIYCOK), 1 BiICYTHICTb apX€OJIOTiy-
HUX 3IMIIKIB CIIENBTH Ha LUBIXY 3 A3ii B €Bpory, HUHI JOMiHY€E
TOIJISIT [IPO HE3QUICKHE TTOXO/DKEHHST ITiABU/IIB LU€T ITIICHHII].

AHatonia

(TypeyyuHa)

{lpaH)

[Cayaimcbka Apagia)

Puc. 1. Teputopist Ponrouoro ITiBmicsis (mani Diamond, 2009)

TepumM mpunynieHHssT NPO  HepeIHbOA3IHChKE MOXODKESHHS
criesisTe BUCoBHB M. 1. Baeuios (1926). Onnak E. Tschermak, J. Per-
cival Ta iHI 3apeecTpyBaiy (aKTH BiATaIy)KEHHsI CIIEIBTH i 4ac
MDKBHZIOBOT TiOpum3artii, siki epexoHamm M. 1. BaBumnosa y Bropus-
HOMY TiOpHIHOMY TIOXO/DKEHHI eBporerichkoi crienbti (Vavilov, 1992;
Dvorak et al., 2011). ['imote3y npo nepBUHHE a3iaTChke MOXOMKEHHS
criensTy TinrpumMye Hmska aBropiB (Kuckuck & Schiemann, 1957;
Zonary & Hopf, 2000), sxi BBaXAIOTh a3laTCBhKy CIIENBTY pO-
JIOHAYTBHULIEIO MIICHHULI M’ SIKOi.

CTOCOBHO €BPOIICICHKOI CIICNIBTH, BOHA MOTJIA MaTH iHIIE IMO-
xomxennst (Dvorak et al., 2006), To6To Oysa mpoxyKToM ribpran3a-
wii Terparwtoinuoi muenntyi 7. dicoccum, (AABB) Ta Ae. squarossa
(DD). Icnye rinoreza (Bertsch, 1943) mpo moxomkeHHs €Bporei-
CBKOI CTIENBTH Bix cxpertyBanss Mix 1. compactum Host. (AABBDD) i
T. dicoccum Schrank. (AABB) na no4atky 6poH3oBoro Biky. Otpu-
MaHi MOBHICTIO (DepTHIIbHI THIN CIIENBTH BiJl CXpEIlyBaHb 1. com-
pactum Host % T. dicoccum Schrank MoXyTb CIIyryBaTi Ha KOPHUCTb
nporo npumnymenss (Ohtsuka, 1998). Ananizyroun MbKBHIIOBI TiOpH-
Ju muenut, B. @. JlopodeeB Takoxk 3p00HB BUCHOBOK Ha KOPHUCTh
BTOPHHHOTO TMOMi(IETHYHOIO MOXODKEHHs a3ilichKOl Ta €BpOIeH-
CBKOI crienbTh. Ha momidineTidaHe moXomKeHHS CTIeTIbTH BKa3ye reo-
rpagivdHa JOKaIi3alist TeHiB BiTHOBICHHS (hepTUIIBHOCTI, TIOPHIHOTO
Hekposy Ta xyopo3y (Dorofeev et al., 1987). Crenbra Icmanii mic-
T TeH Ch2, a takox renn Nel crenst LenTpansaoi €Bporm Ta
Nel i Ch2 cniensT Ipany it Azep6aiipkany. Takox, 3a pe3y/bTaTaMu
MOPIBHSUTLHOTO aHANI3y TEeHIB TOPUIHOrO HEKPO3y Ta XJIOpO3y 3pas-
KiB CIIENIBTH 3 Pi3HKX eKostoro-reorpadidanx 3o (Tsunewaki, 1971)
YCTaHOBIICHO, IO CIEJbTa €BPOMEHCHKOr0 MOXOMKEHHs Ta iHI
BaXKOOOMOJIOUYBaHI BUIM MIIIEHUL, TOMOHO 1o 7. macha, IOXOIATh
Bi/l PI3HMX TEHTAIUIOIIHHUX TiOpHAIB, OTPMMaHMX Bil CXpELIyBaHb
Mk TeTparutoinauM 7. dicoccum i rexcaruioimauM 1. aestivum. AHa-
JIi3 TeHIB BUCOKOMOJIEKYJISIPHHX TJIFOTEHIHIB €BPOIEHCHKIX 1 a3iiich-
KHX 3pa3KiB CIEeNbTH, M SIKUX 1 TBepaux mueHuip (Blatter et al., 2004),
BISIBUB pi3HKH reorpadiuamii posnonin B-anenis Glu-B1-1 1 Glu-A1-2,
IO MATBEPIMIO HE3aIeKHE TTOXOMKCHHS €BPOICHCHKOI Ta asiar-
cekoi crenbtr (Blatter et al., 2004; Dvorak & Luo, 2006). Anai3
LIECTH CYOOAMHHI> BUCOKOMOJIEKYJISIPHOTO TIIOTCHIHY BHSBHB, IO
aneni Glu-B1-1, Glu-A1-2 i Glu-B1-2 crapongaBHROi crmensTH Ta
cydJacHOi abOpHUIeHHOI HIBEHIAPCHKOI CHENBTH BIIPI3HSUIACS BiX

aJIeNliB MIIOTEHIHKOAYBAIBHUX JIOKYCIB XpPOMOCOM CTapOaBHiX 1 Cy-
yacHUX M’skux neHunp (Blatter et al., 2002). ITpudomy criensToin-
Huii anenb Glu-B1-1 3uerennii 3 anenem B-cyOknactepa, sikuii ineH-
TH(IKOBAHUI TEPeBKHO B TETPAIUIoiHKUX BumiB muenumi (Brown,
1999), Tomi sK amenm TIFOTEHIHKOAYBAJbHMX JIOKYCiB D-reHomy
CIIETIBTH Ta MIICHULI M’ K01 He BiapizHsroTees (Blatter et al., 2004).

OneprkaHi JaHi MATBEP/PKYIOTH TIOTe3y Ipo Te, IO €BPOIeH-
CbKa CIIeJIbTa YTBOPHIIACS B PE3YJbTaTi IHTPOrpecii TeTparuioiaHol
TIICHHUINI B TEKCAIUIOTHY JICTKOOOMOJIOUYBaHY M’SIKY MIICHHUIIFO.
BuBUYEHHSI INIIOTCHIHKOAYBAIBHUX JIOKYCIB CTapOaBHBOI CIIEIBTH
cBimuntsh, o B-aneni Glu-Bl-1 i Glu-Al-2 icHyroTs IIOHalMeHIIIE
300 pokiB (Blatter et al., 2004). CnenbTa MicTuth crietdivni aneni
O-TITianHIB B-reHoMy, BiIMiHHI BiJl aJlefliB TETPAIUIOiIHOT MIIECHHIIL.
B-Anems Glu-B1-V TerparuioinHoi nieHuIt Biapi3HA€ThCs Bif B-aernst
Glu-B1-VI eBpornelicekoi crienstr 1BoMa MyTanissmu (Blatter et al.,
2004). INpuryckaroTs, IO €BPONEHCHKA CIebTa OTpHMaia [-anei
BHCOKOMOJIEKYJIIPHOTO TVIFOTEHIHY BiJl BUXIJIHOI TETPAIUIOifHOI Miie-
Hulli. BUBUCHHS CKiaqy CyOOJMHHIL TIFOTCHIHIB €BPOMCHCHKHX
CIIENIBT, & TAKOX CIOPIJHCHNX TETPAIUIOIIHKX i FeKCAIUIOIIHUX BH-
niB poxy Triticum TMinTBEPIKYE TINOTE3y BTOPHHHOTO MOXODKEHHS
eBpomneiicekoi crenstr (Yan et al., 2003). Ilo crocyersest cybomm-
HUIb HU3PKOMOJIEKYJIIPHOTO [JIIOTEHiHY, MiHmBicTe LM W-TiroTeHi-
Hy y CHEJIFTH BHIIA HOpIBHHO 3 iHmmmMu Bupamu (Caballero et al.,
2004). Mirmgicts C-30HH HIBBKOMOJICKYJIIPHOTO TJTFOTCHIHY CIIEIb-
i BuIla, HK Y T tauschii (Gianibelli et al., 2002) i rienuii TBepaoi
(Nieto-Taladriz et al., 1997) i HibkYa, HDK Y TUIUIOIIHUX BUJIB MIIIC-
autti (Gianibelli et al., 2002).

Ha BizmiHy Bifi €BpOIEHCHKHX 3pa3KiB CIENBT, TOALT TITIOTCHIH-
KOIyBaJIbHUX AaJeJliB MDK a3iHCBKUMH CIIETIETaMH Ta TIIICHHIICIO
M’SIKOFO MO>KHA JIOIYCTUTH JIMIIE SKIIO a3ifiChKi CIIENBTH MOXOMASITh
BIJI BUCXIHOI IUIiBYAcTOl miieHui M’skoi. CKiia BUCOKO- Ta HU3b-
KOMOJIEKYJISIPHAX CyOOMHUIb ITIOTCHIHIB IPaHCHKOI CHENBTH OLTh-
e nomiOHuiA 0 TiieHU M’sKkol. OKpeMi €BpONEHChKi CIEbTH
MICTATh KOMITOHCHTH TJTia/IMHy Ta aJielli TeHIB HeKPO3y, sIKi BiIpi3Hs-
10ThCst Bift ipaHchkol crienbti (Campbell, 2007). Ha kopucts rene-
THYHOI CHOPIIHEHOCTI CIIENBTH Ta MIISHHI[ M KOl CBifYaTh MoAi0-
HICTh CTPYKTYPH KapiOTHITIB i O30T I€TePOXPOMATHHOBHX [iIsi-
HOK xpoMocoM (Dedkova, 2008). Pesynsratn C-0eHIMHTY BKa3yIOTh
Ha Te, o 7. spelta 3aiiMae MPOMDKHE MiCIIe MiXK TETPaIUIOITHAMU Ta
reKcaruIoiHIMy Bramu mueHnns (Dedkova, 2008).

Ionin crenbTé Ha a3iMCHKHIl 1 €BPONCHCHKUN IMIIBUIM IIiJI-
TBEpKEHHI pe3ynbratamu C-IuQepeHIiifHoro 3abapBIeHHS Xpo-
MOCOM, a TAKOXK TEXHOJIOTSIMM IITYyYHUX HeHpoHHHX Mepex (Ded-
kova, 2008). 3acBigueHO MO/ €BPOMEHCHKOT CIIENIBTH Ha iCIAHCHKY
Ta BJIACHE €BPOINENUCHKY IPYIIH.

Omxke, HAUBIPOT1HIIIA — TITOTE3a TOMi(LIETHIHOTO TTOXOKEH-
Hi cnenbtH (prc. 2). Bona nepenfadae, mo asilickka criebTa Briep-
LIe BUHMKJIA HA KacHilfickkoMy y30epexoki IpaHy Ta craia pojoHa-
YaJIbHAKOM TIIEHHI] M SKOi, a €BpONeichbKka — IPOIYKTOM TiOpuau-
3a1il M’sIKO1 Ta TeTparuioiaHo1 miueHu (Salamini et al., 2002).

Huknii emep (AABB)
T dicaceoides

Kynerypai repannoian (AABB)
T. durum
T turgidum

Kyawrypuuit enep (AABB)
T. dicoceum

(T pervicoceum)

/I Jhsenii Ae. tauschi (DD) }\I
4

Kynprypaa enensra — KynsrypHuii L{‘l\'LdllllUlA
(AABBDD) e | (AABBDD)
T spelta “"-—‘._ Tvulgares
KyIeTYPHHE emep
(AABB)
T.dicoceum

Puc. 2. Cxema eBOJIIOLIT ITOMIILIOIAHIX BUIIB IMIICHNL y pe3yJIbTari
oKyJIbTypeHHs (faHi Salamini et al. (2002))
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TlpoananizyBaBum [aHi JHTEpaTypH CTOCOBHO MOXODKCHHS
CIIEJIBTH, MOXKHA 3a3HAYHTH, 110 Lie TIMTaHHs 1epedyBae B 1101 30py
GaraTh0X BITUM3HSHHX 1 3apyODKHUX YUEHHX 1 TOTpeOye MOAaIBIINX
JOCIIDKeHb. 3BKAIOYN HA HMOBIpHE HOMi(iIETHIHE TOXOHKEHHS
A31HCHKOI Ta €BPONEICHKOI CIIENBT, PO3IITHEMO ICTOPIIO iX MOMIH-
PEHHSI Ta BUPOLILyBaHHs.

Sk 3a3HaYANIOCH paHillle, apXEONOTiYHI JIOCHIPKEHHS BKa3yIOTh
Ha iICHyBaHHs creNbTH O3bko VI THCSHOMITTS 10 H. €. B Ipaky, oo
BimnoBinae yacy Heomity. Excriemmisi H. Kuckuck, nposenena B
ceperuti XX CTOMITTS, BUSIBIUIA YUCTI MOCIBH CIEIBTH HA TUIOCKO-
rip’i Cxiguo-LentpansHoro Ipany (Kuckuck & Schiemann, 1957).
[301mb0BaHi MOCIBY CrIENbTH 200 ii JOMIMIKK cepes M SIKOT MIIeHHUII
3HalieHi B iHImMX parionax LlenTpanbHoi A3ii Ta 3akaBkazss (Asep-
Oaiimkan, Bipmenis, Tamkukuctan, Typkmenuctan) (Dorofeev et al.,
1987; Zohary, 2004).

o cTocyeThest €BPOIIEHCHKOI CIICNBTH, JaHi BKa3yHOTh Ha il Mo-
sBy B LleHTpasnbHiii €Bpori B paHHEOMY OpOH30BOMY Billi (Andrews,
1964; Nesbitt, 2001), Toxi sk 3epHa TOJO3EPHUX M SIKUX IMIIICHHITH
Oyuu 3HaiizieHi B €Bpori Bxke Ha novatky Heonity. Omxe, B €Bporri
roJio3epHa M’sika MIISHHUIIS 3’ IBUJIacs PaHillie 3a CHeNbTy. 3a apXxeo-
JIOTTYHVIMH TaHUMH, TIOIMPEHHS CIIETIBTH 00OMEKEHE CaMe TePHTOPi-
ero Lenrpanmsroi €Bporm (Nesbitt & Samuel, 1996). Llono Llent-
paibsHOi €Bpor, Ha sIKy BkasyBaB Dsixcbeprep (1935) sx Ha 00-
JIaCTh HalIaBHIIIOI KyJIBTYPH CIIEJIBTH, TO Ha BCii 1i Tepuropii (Hi-
MeuurHa, ABCTpisl, YTOPLIMHA), ¢ HPOBEICHO BEIIMKY KUIbKICTh ap-
XEOJIONUHHX PO3KOIIOK, CIeNbTa He 3HaiiieHa. JInme y [Isetinapii €
HM3Ka 3HaxioK 7. spelta y 3anmiikax 6ponsosoro Biky (Fljaksberger,
1935; Nesbitt, 2001). OcHOBHE MOLIMPEHHsT CHENIBTH Y CTAPOAaBHIN
€Bpori MOB’s3aHe TEPII 32 BCE 3 MICIIMH MPOXKUBAHHS T€pMaH-
CBHKUX IUIEMEH, 3BiJIKH BOHA MICJISI 3aBOFOBaHHS PUMCHKOFO iMIIepiero
WX TEPUTOPIH NOMIMpPHUIIACh B iHIII €Bporelchbki kpainu. Ha tepuro-
pii YkpaiHu BUPOILYBaHHS CHEIBTH, SIK 1 TT0JIOH, TI0B’I3yIOT i3 Hace-
JIHHSIM OyTO-THICTPOBCBKOI KYJIBTYPH, SIKY aTyIOTh OJTH3BKO 5—6 THC.
poxiB Jio H. e. (Pashkevich & Videjko, 2006; Poltoretskyi et al., 2018).

V nepruiii nonoBuni XX CTOMNITTS CrebTa MIMPOKO BUPOLyBa-
nack B Icnail (Actypist), Himewunsi, Asctpii, [lBeiinapii ta besbrii.
Apeas 1l HOIIMPEHHS OB’ s13aHKH i3 TIPCHKMMU palfioHaMHK 3 10CTaT-
HiM 3BosI0eHHsM. CrienbTa OXOIUTIoBajIa Tipchbki oomacTi [liBHiuHO-
3aximanx Anpen i3 Boresamu, [IBapuBansnom, 3axomsan y Tropin-
repsaiby i [[IBaGesky FOpy. V IlIBeiimapii — Ha miBHIY Bij xpeOTa
Berner Alpen i Todi-Kette B karnTonax Llopix i bepr. Oco6mmBa rpy-
Ia Apoi ocTUCTOl cnenbTy 30eperiack B Actypil (Icranist, ITiBHivHi
Binporu KanraOpitickkux rip). SIk i mosoa, 3 IIMPOKIM YIIPOBaDKEH-
HAM Cy4acHMX TEXHOJIOTiH BHPOILYBaHHA Ha IOYaTKy MHHYJIOTO
CTOJITTSI CIeNbTa IIBUIKO MEPETBOPIOETHCS Ha «OCTPIBHY KyJIBTY-
PY», L0 BUPOILYETHCSA Ha OOMEKEHIH TEPUTOpIi B MICIIAX i3 Tpaiu-
iiHIM yKiagoM. [IpoTe B OCTaHHI IeCsSTh POKIB CHUTyallis Todaia
3MIHIOBATVCh, 1 HUHI TIONHT Ha CIIEJIBTY CyTTEBO 3piC, BOHA 3 KaTeropii
TIPOCTO MAJIOHOMIMPEHUX OOTaHIYHUX BHIB MepeiIua B po3psiz Hi-
mieBux. HuHi criesbTa 3a MOCIBHUMY TUIOIIAMH IOCI/IA€ TPETE MiCIie
cepel MILCHHIIb, Ti HOYaIi aKTHBHO BUPOLILYBATH HE JIULIC HA TPaIi-
LiiHIA 111 Hel TepuTopil, a i Ha Teputopii @panuii, Iraii, 3paimro,
CIIA, Agcrpauii (Tverdohlib & Boguslavs'kij, 2013). 36iibummcs
TIOCIBH MiJT LI€FO KYJIBTYPOFO 1 Ha TepUTOpii YKpaiHu, JIe CUTBIOCTIBH-
POOHMKH BHPOIILYIOTH ii epeBasKHO Ha EKCTIOPT.

I'enernyHe pisHOMAaHITTS, GioJI0TiYHI
Ta rOCHOAAPCHKO-IHHI 03HAKH CIeJIbTH

[Menntto cniensty (Triticum spelta L.) BimHOCATH 10 TUTiBYAC-
THX MIICHHIIb | HA3UBAIOTH MOJIO0O a00 CIPaBKHBOIO 10J16010. 1106
YHUKHYTH TTOAAJIBIIOT TUTy TAHWHH, JOLIGHO TTOOO00 HA3MBAaTH TiTb-
KU BO3epHSHKY 1. dicoccum (2n = 28) sk IepBiCHY Ha3BY ITi€l ITIiie-
Huni, a w1 1. spelta 3ammmmTy Ha3By «cniensTay, (Dorofeev et al.,
1987). Cnenbta (1. spelta L.) — rexcaroinaumii Bupx nrenui (2n =
42), ii rerom — A"BD. Mae opMu Sporo Ta 03MMOr0 THITY PO3BHT-
Ky. PociiHu crienbTr 3a3BHYaii BUCOKOPOCIT, KOJIOCH JIOBT, BY3bKi,
3a JIOCTUTaHHs JIaMKi, 3epHIBKH MPOIOBrYBaTi, TICHO OXOIUICHI JIyC-
kamu. Lls1 3epHOBa KynbTypa OyJia po3HOBCIODKEHA B JJaBHI YacH, Bi-

JIOMa 3 EMOXH PaHHBOTO HeoMiTy. Bona GyJia nommpena B €Bporii Ta
Asii. JItoncTBO TUCAYOMITTAME XapdyBaioch 1M 3makoM (Podprja-
tov & Jashhuk, 2013; Poltoretskyi et al., 2018). BimmoBa Bizx BHpoILLy-
BaHHS IUTIBYAaCTHX BHIIB MIICHHINl 3yMOBJCHA NEKUIbKOMA MPHYH-
Hamu. [lo-mepiite, BupoIIyBaHi (OpMH Maibke BUHATKOBO SIBIIIOTH
c0o0OFO MPOIYKTH HAPOIHOI CEJIEKLIi: IIe eKCTEHCHBHI COPTHU, BUTPH-
BaJIi I0 CYBOPHX YMOB, ajle 3 0OMEKEHIM IOTCHIAJIOM TIPOYKTHBHO-
cri. Tlo-mpyre, mosnba Ta cresbra MalOTh O3HAKH, 10 YCKIIAIHIOKTh
3aCTOCYBAHHS 3acO0IB MEXaHi3allii MiJl Yac BUPOIIYBaHHS Ta Tepe-
POOKH BPOXKAI0: JIAMKICTB KOJIOCA NPH JIOCTUTAHHI, SIKa CIIPUYMHSIE
BTpaTy BPOXKAIO, Ta IUTIBYACTICTh, 1[0 BUMArae JOJAaTKOBUX BHUTpPAT
eHeprii Ta mpati Ui [IepeTyBaHHs Ta OYMIICHHS 3epHA, a TAKOXK
OLTBIIOr0 OOCSATY CXOBHII TOPIBHSAHO 3 TOJO3EPHOIO IIIICHHIICIO.
IlniByacTicTh TakoXK HE A€ 3MOTH TPOBECTH SIKICHY CiBOY 3€pHOBH-
MH CIBaJIKaMHM, OCKUIBKH HEBUMOJIOYEH] KOJIOCKH 3a0MBAIOTH HACIH-
HENMPOBO/IY, a CIIPOOU BUMOJIOTUTH 1X JI0 OZICPyKaHHS YHCTOrO 3epHa
BHKJIMKAOTh TOIIKO/DKCHHSI 3¢PHIBOK, BHACIIJIOK YOTO 3HIKYETHCS
CXOXKICTh. Byna 1e ofgHa mpuuMHA, MOXJIMBO, HABITH HAWOLIBII
Baroma: IIJ 4yac Mepexoay 10 OoOpoOKH IPYHTY GOpOHOIO CTaio
HEMOXK/IMBAM yTPUMYBATH KOJIOCKM, 0O BOHHM HIIUBLITHCS 3a 3yOLi
OOpOHH Ta BUXOAWIN Ha TIOBEPXHIO. 3 1HIIOTO OOKY, IUTiBYACTICTh —
TIO3WTHBHA O3HAKa, OCKLIBKH ] 4ac CiBOM Ta MPOPOCTAHHS JTyCKH
3aXMIIAI0Th 3ePHIBKY, a ITOTIM 1 IPOPOCTKH Bijl BIUIMBY HETaTHBHHX
YUHHVKIB MPUPOIHOTO CEPEIOBHUIIA, 10 Cripusie (HOPMYBaHHIO 3710~
POBHX Ta MillHUX cxofiB. HeBiMoIoUueHe 3epHo y JTycKax («BOpPOX»)
Jo0pe 30epiraeThCs 3aBIsSKA HEIUIPHOMY TPIJISITAHHIO KOJIOCKIB
OJIVIH JIO OJTHOTO, I1[0 3MEHIIIY€ IieperpiB 3epHa. [1iBUacTicTh — TAKOXK
JIOZIATKOBUH 3aXMCT Bijl TOLIKO/DKCHHS ITaXaMH Ta KOMaxaMH
(Pukhalskiy et al., 2008; Tverdohlib et al., 2013).

SIK 3a3HA4aIOCh BHMIIE, 32 MOXOJUKCHHSM CIIENbTa TIOAUISETHCS
Ha JiBa MIIBUIM: €BPOMEHCEKY Ta asificbky (Hospodarenko et al., 2016).
OCKIJIbKY B HAIIMX YMOBaX IPAKTHYHE 3HAYCHHS MAOTh Pi3HOBUIN
€BPOICHCHKOTO IMTIBU/Y CIICNIBTH, MU 3y[IHHUMOCh, y TIEPLIY Yepry,
Ha iX XapaktepucTuili. €Bporeiickka criesbra (subsp. spelta) momi-
JIETBCS HA [BI €KOJOro-MOp(OIIOrivHi IPYIIH: 3aXiTHOEBpOIIeiichka (Hi-
Melpka, 0aBapchka) Ta acTypiiicbka (icraHcbKa, ibepiiichka). ¥ ckia-
Jli TIEpLIOT IPYIN MEePEeBAXKAIOTh 03uMi opmu, y Apyroi — sipi (Alva-
rez & Guzman, 2013). BiamiHHI 171 X TPYH — OKpeMi 03HAKH KO-
yoca. 3aXiJHOEBPOIEHCHKI ()OPMHI B OCHOBHOMY TIPE/ICTaBIICHI Oe3-
OCTHMH pI3HOBHZIaMH, a acTypilichki — 3aBxmu octrcti (Dorofeev
etal.,, 1987). Asiiicbka cIielbTa XapaKTepHU3y€eThCs HAsIBHICTIO SIK O3H-
MUX, TaK 1 ipux (opM.

Cepe/l KOPUCHUX O3HAK CIEIBTH BapTO BiIMITHTH HEBHOATIIH-
BICTb, 3[aTHICTh 3pOCTaTH Ha OIHKX TiPCHKUX IPYHTAX, 3HAYHY 3UMO-
CTIHKICTh, CTIHKICTh O HAIMIIKOBOIrO 3BONOKeHHA. Ha rpyHTax
Ba)KKOTO TPAHYJIOMETPUYHOTO CKIIaTy, B YMOBAaX 3HAYHOI KUTBKOCTI
ONafiB, XOJOAHOI 3UMH Ta BHCOKOTIp’st (1o 1 000 M), OpIBHSHO 3 TIIe-
HHUIEI0 M’SIKOIO CIIENBTA J]a€ CTaOUIBHO BHUCOKMI ypoxkaid (Schmitz,
2006). CrienbTa — BOJIOTO- Ta CBITJIONIOOMBA KyJBTypa, TOMY CTiH-
KIiCTb 110 aTMOcepHOi Ta IpyHTOBOI IIOCYXH B Hel cliabKa, a MpoJIyK-
THBHE KYLIiHHS Ta OONHCTSHICTH — CHIBHI. lOepiiicbka crienbra
crilika 1o Oypoi Ta KOBTOI ipiKi, OaBapchKa CIIeNIbTa HE CTilKa 110
TPUOKOBHX 3aXBOPIOBaHb. Y 0aratboX 3pasKiB BiIMIYCHO CTIHKICTh 10
BUIIIB-30yTHUKIB (y3apiosy. CriensTi mpuTaMaHHa CIPUHHATINBICTD
IO JIETEOYOi CaXKH, OCOONMBO IO pac, L0 BPaKalOTh M SIKY
TIIEHNIT0; CIA0KOCTIPHIHATINBI Ta CTIHKI 3pa3Ky MAJIONOIMIMpEHi
(Dorofeev et al., 1987).

3axisHoeBponeiicbki (OpMH Ha MOYaTKOBHX CTA[isX Big3Haua-
FOTBCS! CIIOBUTBHCHHM TEMITOM PO3BUTKY. HiMelpka crienbra eKkoio-
ri4HO ocuTh ogHOMaHiTHa (Schmitz, 2006). Bona npricrocoBana 10
TiPCHKHUX 1 TIEPEAripHUX PalOHIB, BiAPI3HSIETHCS BIIHOCHO TPUBATIUM
BETETaIlIITHIM NepioZIoM, BOJIOTO- Ta CBITIONIOOMBA, 3 HU3HKUMH BH-
MOTaMH JI0 TEXHOJIOT il BUPOILIYBAHHS.

ITix gac nOCIiLKEHHS BIUMBY KOPOTKOTPHBAIIOL rineprepMii Ta
IPYHTOBOI TIOCYXH Ha Mopdodizionoriysi nporecu y pociud 1. spelta
copry paHKEHKOPH — MpPEICTABHUKA CBPOICHCHKOI TPYIH, IO-
Ka3aHo, 110 BIUTMB 000X CTPECOPIB BUKIIMKAB 3MCHIIICHHS MAacH Ta
JIOBKMHH TIarOHiB i KOPEHEBOI CHCTEMH, MPOTE BHPaXKEHIII 3MiHK
3apeecTpoBaHi IMCHs i IPYHTOBOI MOCYXH. 32 MOPGOMETPUIHUMU
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TIOKA3HUKAaMHU KOPEHi BUSBIJINCS Yy TJIMBILIMMHE 0 TirepTepMmii, HiX
MaroHH. 3a rineprepMii Ta IPYHTOBOI TIOCYXH 3a(hiKCOBAHO 3MEHIIICH-
Hs1 BMICTY (DOTOCHHTETMYHMX IIrMEHTIB. IpyHTOBa MOCyxa Ta rinep-
TEpMist iICTOTHO He BIUTMBAIOTH Ha MIKPOCTPYKTYPY €IiepMH JINCTKOBOL
IUIACTUHKA. Pa3oM 13 THM, 3pOCTa€e MIUTBHICTH BOCKY Ha JIMCTKOBIH
miactiHni (Kosakisvska et al., 2017). Ha piBHI yibsTpacTpyKTypu
KOPOTKOYACHA TillepTepMisi BUKIIHKAIA YaCTKOBY NECTPYKLIFO THIIa-
KOimHUX MeMOpaH xJoporuiacTiB. Crioctepiraiacst XBHJICNOJIOHA
YIaKOBKa THJIAKOI/IIB IPaH, 3HAYHE PO3LIMPEHHS JTFOMECHAIBHUX TIPO-
MDKKIB, BiZIpUB TEPMIHABHUX KiHIIIB THJIAKOIIIB OMH BiJ OJHOTO.
3a rineprepMii MITOXOH/IPIT HOMITHO «pO30yXaln», IPH LHOMY MEM-
OpaHK KPHCT CTaBaIM MeHII KoHTpacTHUMH. Crioctepiraaocs yacT-
KOBE IPOCBITIICHHS MATPHKCY OpraHei. 3pocTaja TAKOXK iX KUTBKICTh
TOPIBHSHO 3 KOHTpOJIeM. B si7pi BUSIBIIEHO MOpYIIEHHS B KOHICHCA-
il XxpomarrHy. Y IHTOIUIa3Mi KIIITHH 3pOcTalia KUTBKICTh JIITTHIX
Kkparesb. KoporkoyacHa TiloTepMisi BUKIIHKaIa iHTCHCHBHE yTBO-
peHHs1 Iw1acTorIo0yJ1, 30UTbIICHHS KUTBKOCTI Ta PO3MIpy KpoXMallb-
HUX 3epeH. OMHAaK JCCTPYKILi TUIAKOIIHIX MEMOpaH He CIOCTepi-
rajocs. YactuHa MiToXoHIpid HaOyBasa okpyrioi ¢opmu (40%) i
MaJia po3MipH, OJIM3bKI 10 KOHTPONo, 26% opraHes MaJiM JIH30I0-
nibHy, 16% — «anTenenoniony» i 18% — «wamononiGHy» dopmy.
DopMa MITOXOHIPIH HAJIGKUTH 10 UHAMIYHUX CTPYKTYPHHX MOKAa3-
nrkiB (Van Gestel & Verbelen, 2002; Logan, 2010). Y TerumomtoGHIX
PpociuH i 3MiHa CYNPOBOUKYETHCS 3HUKHEHHSM KPHCT, 110 PO3IVIsi-
naeTbest K cumnToM romkopkennst (Krasch & Wise, 2000). ¥V xo-
JIOMOCTIMKKAX POCIIMH, TaKuX SIK apabiforicuc abo MIIICHHI, 3MiHa
(dopMH MITOXOH/IPii HA BHUTATHEHY «TaHTENCMOAIOHY» Ta «dJalo-
noxibHy» Mae obepHenuii xapakrep (Yu et al, 2011; Vella et al.,
2012). ITependayaeTncs, 1m0 Taka Gopma opraHen cipusie 30UTbIIeH-
HIO TUIONI iX MOBEPXHI Ta MOJErye oOMiH MeTaboJiTaMuy 3 IUTO-
mrasmoro (Yu et al., 2011; Vella et al., 2012). V nparyix iHmmx yde-
HHX TOKA3aHO, 10 30UIBIIEHHST PO3MIPIB MITOXOHIPIH 32 KOPOTKO-
YaCHOTO CTPECY CBIMYMTH NPO MiJBHILNCHHSA IUXATBHOI 31aTHOCTI
xinitiad (Armstrong et al., 2006; Venzhik et al., 2017). Taxi 3miau
(opMH MITOXOH/IPiii 3yMOBIIEHI CKJIa[OM, TOJIOBHUM YMHOM, HEHA-
cnuenux xxupaux kucnot (Theocharis et al., 2012). Taka peaxuist kiti-
TH Me3odiny nuctka 7. spelta Ha J1it0 eKCTpEMaTIbHIX TeMIIEpaTyp
BUPKAETBCS Y CTPYKTYPHO-(PYHKIIIOHANBHINA peopraHizarwii (oTo-
CHHTETUYHOT'O Ta EHEPreTUYHOTO arapary, sika HOYHHAETHCS Y MepIi
TOIVHHM Ail Ha POCIMHY CTPECOBUX TEMIIEparyp i € 00OB’SI3KOBOIO
YMOBOKO peajiizamii afanTHBHUX Hporpam. J{OCIiDKeHHS TOKa3am
3Ha4yHy ajianTaiio copry MpaHKeHKOPH 10 HU3bKHX IO3UTHBHHX
Temneparyp (Schmitz, 2006).

A3iiicbKi Ta €BPOICHCHKI CIENBTH PI3HATHCS MOP(HOIOriuHOI0
OyznoBoto. Luo (2000) moBomwTh, IIO LI 3yMOBJICHO I'€HAMH, SIKi
KOHTPOJIOIOTh MOP(OJIOTiI0 Kojoca. BinmbIn nmamkumii KOJIocOBHiA
CTpW>KEHb MaloTh €Bporeiichki crenbTu (Dorofeev et al., 1987), ski
TeHETHYHO criopinHeHi mo mmenni M’sikoi (Dvorak et al.,, 2006).
Bomnouac i BueHi (Liu & Tsunewaki, 1991) HarosomrytoTs, oo
€BPOIICHCHKA CIIENBTA Ta MIIICHUIIS M’ KA BIIPI3HSIIOTHCS TEHAMH, SIKi
BI/ITIOBIIAIOTH 32 JIAMKICTH KOJIOCY Ta JIyCOK. B a3iiicbkoi crienbTi
WICHUK CTPWDKHS NPHKPIIUICHHIT IO OCHOBH KOJIOCKA CBOEIO BEpX-
HBOIO YaCTHHOIO. [0epificbka crienbTa, cTifika 10 Oypoi Ta KOBTOI ipiKi,
B arpapHOMy BHUPOOHHWIITBI NPEACTABIICHA JIMIIE SPUMH (OPMaMH.
BaBapceka crienbTa HecTilika 10 TPUOKOBHX 3aXBOPIOBaHb i MpEa-
CTaBlieHa O3MMHMH HizHBOCTHIIIMMH (popmamu (Dorofeev et al.,
1987). Cepen HOCIi/DKYBaHIX PI3HOBHIHOCTEH CIIEIBTH TUTBKH 3pasKu
3 Ipany Ta TypKMCHHCTaHy, B SKHX HAJIUB 3epHA BiIOYyBaeThCs 3a
YMOBH IIi/IBUIIIEHO] TEMIIEpaTypy HOBITPs, MICTATh TeH TiOpHIHOTO
Hekpo3y Vm3. binbluicts eBponelchkux 3paskiB crenstu (57,9%)
MICTSITB I'eH ribpuaHoro Hekposy Vm2. IToaibHa 3aKOHOMIPHICTB yc-
TaHOBJICHA 1 TS M’SIKOT TIICHULIL: B €BPOIICHCHKUX COPTIB MPHCYTHIk
red Vm2, a reH Vm3 XapakTepHUA 17 a31ACHKUX M’ SIKHX TIICHALID.
Jltst a3ilichKuUX 3pa3KiB CIENBTH XapakTepHuil reH Nel, a 1y eBpo-
nieiicekux — reH Ne2 (Goncharov, 2008). IToniGHuit po3nozisn reHis
riOpUIHOTO HEKPO3y criocTepiraeTsbest y mueHnni M skoi (Pukhalskiy
et al., 2008). Taxk, ren Ne2 MiCTATh OUIBIIICT €BPOINEIHCHKHX COPTIB,
mpu 1BOMY B HUX mepeBaxkaiorh renorunn NelNe2 i Nelne2.
Heo0XiaHO Tako)X 3a3HAUMTH, 1110 Y CIIEIIBTH, SIKa POCTE Ha TEPUTOPIi

Himeyunnn, [lIseiinapii, ABctpii, Yexii, a Tako)X Ha MiBICHHOMY
cxoi Icranil, BiCyTHI reHH riGPHIHOrO HEKPO3y.

Jpyra, He MEHIII Ba)X/IMBa OCOOJMUBICTD CIENBTH, HK BUTPUBA-
JICTh 0 YMOB BHPOIILYBaHHS, — SIKICTB il 3epHa, 110 TaKOX CIPHUSLIO
TIOBEPHEHHIO ITi€1 KyJIbTypH Ha Cy4acHUH PHHOK. 3epHO CIIEIBTH BH-
KOPHUCTOBYIOTH TIEPEBXHO [T BHITIKAHHS XJ1i0a, X04a, 5K OyIb-sKa
3€pHOBA KyJIbTYpa, BOHA MOJKE BUKOPHCTOBYBATHCH 1 JUIS Ofiep KaH-
B3t Kpyr 1u GoporHa (Liubych et al., 2017). Crienbra BUCOKO LiHY-
€ThCs1 CBOIMH XapyOBHMH IiepeBaramMy 3epHa. BoHo Mae Bty nopis-
HSTHHO 3 M’SIKOIO HIICHUIICIO SHePreTHYHY LIHHICTB, a TIePEeTPaBHICTh
Oinka criensrr nepeuiye 80%. 30anaHcoBaHa 32 aMiHOKHCIIOTHUM
CKJIaIOM, MICTHTb Olnblue OeTa-KapoTHHY, peruHoiy, Ha 30-60%
Olnplle BiTaMiHIB, HDK y M’AKid TNIICHUII; Ma€ OUIbII PO3THKHY
KJICHKOBHHY, ajlé MEHII eNIACTUYHY, HDK y M’sKoi mmeHumi. bopo-
ITHHACTUI €HI0CIIEPM Ma€ BUCOKHMI BMICT O1IKa (1o 25%, IU1st ropis-
HSHHS y Msikoi mrerwti — 8-10%) 1 Bucoky B’s3kicts (Podprjatov
& Jashhuk, 2013; Liubych et al., 2017). Crienbra 6araTiia, HiX Iie-
HHLIS M’sIKa, HA TIPOTETH, HeHACHYEHI YKUPHI KUCIIOTH Ta KIIITKOBHHY,
OJIHAK BOHA clla0Ka, TOMy OOpOILIHO CMENbTH BUKOPHUCTOBYETHCS SIK
JIOMIIIIKA T1iJ] 4ac BHIIKaHHs XJ1i0a. 3aBISIKM BUCOKIil BOJIOYTPUMY-
BaJIGHIM 3IaTHOCTI OOpomIHa XJTi0 31 CHENBTH JOBrO HE YepCTBiE
(Osokina et al., 2018). KielikoBiHa CIIEILTH MICTUTh MEHIIE OLIKO-
BUX KOMITOHEHTIB, 5IKi TIPOBOKYIOTH IIeNliakoBy XBOpoOy. BueHi 3i
[IBefinapii BCTAHOBIIIM, IO BCI MPOYKTH 31 CHENBTH (XJ1i0, Makapo-
HH, KPYIIH) CHPHSIIOTH 3MIlHEHHIO iMyHHOI crcteMH. Lle 3yMoBieHo
HasIBHICTIO B 3€PHi 0COOJIMBUX PO3YMHHHX BYIJIEBOJIIB — MIKOIOJTiCa-
xapuniB (Podprjatov & Jashhuk, 2013).

KopmoBe, a Tako) TEXHOJIOTIYHE 3HAYCHHS Ma€ COJIOMa CIIeb-
TH. Y JesKUX MyOITiKaIisX BUCBITIIOIOTHCS JOCATHEHHS PO3BUHEHIX
KpaiH y BUKOPHCTAHHI 3ePHOBHX KyJIBTYp JUIl BATOTOBJICHHS €KOJIO-
T1YHO YUCTUX MeOIIIB i3 IPECOBAHOT COJIOMH.

Buxopucranns cnebTH y celekuiiiniii podori

IHTpOrpecist TeHeTHYHOro MaTepiaty Bil IMKOPOCIUX POIMUIB O
TEHOMY M’SIKOi TIICHHMIIl 3QTHINAEThCS aKTYaTbHOIO, OCKUIBKH SIBIISE
co0OI0 TPHPOJIHE Ta HEBHYEPITHE JDKEPENO 30arayeHHsi reHo(oHIy
TIIIEHAL] 38 TeHaMH, 10 MOJIIIIYOTh 1i aparTiBHui noteHiian (lefi-
menko et al., 2018). Y BiTum3HsHIH Ta CBITOBIif MpakTHLL icHye Oarato
TIPHKIIAAIB YCHIMHOTO BUKOPHCTAHHS PI3HUX EKOTHIIIB CIIEBTH B Ce-
JeKi{ Ta HACTYTHIN TiOpyIM3aLil 3 TOJIO3ePHUMI NIIEHUISIMU 3 Me-
TOIO TOJIIIIEHHS OCTAHHIX 1 HAIaHHA IM CTIAKOCTI 0 ablOTMYHUX Ta
GIOTUYHUX CTPECOpIB, MBHILEHHS SKICHUX MOKa3HHKIB 3epHa (Golik
etal., 2016). I1le M. 1. BaBusioB /st NOMIIIICHHS XapUOBHX LIIHHOCTEH
MIIEHNII M’SKOI TPONOHYBaB BHKOPHUCTOBYBATH Y CXpELyBaHHSX
crienbTy sk maptHepa (Vavilov, 1935). 3a ctpykryporo kapiotuiy Ta
PO3IOIIOM TETEPOXPOMATHYHNX CETMEHTIB HA XPOMOCOMAX CIIeJIbTa
HE BIIPI3HSETHCS BiJl M’SIKOI TIIICHHUII, OHAK BOHA XapaKTePH3Y€EThCS
BUIIMM PiBHEM BHYTPIIIHEOBHIOBOTO TIOIIMOP(I3MY 32 XPOMOCOMHH-
Mu nepeOynoBaMu (iHBEpCISIMM Ta TpaHCIOKawisiMu). BimrosinHo 1o
PO3IIOIUTY TETEPOXPOMATHYHNX PANOHIB CIENBTA 3aliMae TPOMDKHE
THOJIOYKEHHSI MDK TETPAIUIOIHAMK Ta TeKCAIUIOIHIMI BUJAMH IILIe-
aui (Chekalin et al., 2008).

INounHaroun 3 apyroi nonoBurn XIX cTopivds 1 JOHWH, CTIEIb-
Ty BHKOPHCTOBYIOTB SIK JDKEDPENO CIIaJKOBOI OCHOBU HH3KH TOCIIO-
napeeko-IiHANX o3Hak (Dorofeev et al., 1987; Golik et al., 2016).
CxpeliyBaHHs TILICHHI M’SIKOT 3i CIEJIBTOR JO3BOJISIE OTPHMATH
HOBi (OpMH TIIICHWIN CIENIBTH, B SKUX MOXKHA OYIKyBaTH
TOJTIIMIIEHHS [TOKA3HHUKIB SIKOCTI 32 paXxyHOK IHTpOrpecii B X FeHOTHIT
reHeTHYHoro Matepiany mirenuni mM’skoi (Diordieva & Eshhenko,
2016). Y nepuuiii nososuni XX cr. y LeHtpanbHiit €Bpori BUpory-
BaJIM MicCIIeBi copTd 3 ABCTpii Ta HiMeuunay, a Takok CTBOpEHi mpo-
ctuM go6opoM i3 Hux: Oberkulmer Rotkorn, Schwabenkorn, Bauer-
laender, Ostro, Holstenkorn, Frankenkorn Tormo. Cepen coptiB, cTBO-
penux ocraHHIM gacoM y Cep0ii, — o3umi Nirvana, NSS 3/01, NSS
6/01, NSS 1/02; B Itanii — sipi B1030, S2013, S2070, P12; y Kanani —
osuma Heritage ta sipi CDC Nexon, CDC Origin, CDC Zorba; y
CIIIA - Lentz Spelt, Frank. Ocranximu pokamu B Pocii crBopenmii i
MPOXOJIUTH AEPKCOPTOBHIIPOOYBAHHS O3UMHIA copT AsbkopaH. B Inctu-
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TyTi pocimunmITBa M. B. 51. FOp’eBa po3aMHOXKY€EThCS 15 Tiepeiadi Ha
COPTOBUIPOOYBAHHSI COPT SIPOi CIieIbTH. B YkpalHi CTBOpESHHS mepiimx
BITYM3HSHKX COPTIB crienbTy 3arnodarkysaB @. M. [apiit. Bin na 6a3i
Bceykpaicbkoro Haykosoro inctutyty cenekuii (BHIC) crinbHo 3
YMaHCHKMM HamioHaJTbHMM YHiBepcuteToM caniBamirea (YHYC)
CTBOPHMB COPTH O3WUMOI CIIEJIBTH 3 TOJIETIICHHM BHMOJIOTOM 3€pHA,
BPOXKAIHICTIO 110 6 T/ra, BMicTOM Olika roHa 20% i mMmpoKo ajar-
TOBaHUX JI0 HMPUPOJHO-KIIMaTHIHUX yMOB Ykpainu. [lo peectpy
COPTIB pociMH YKpaiHH 3aHECEHO 1Ba COPTH CIENBTH: 30ps YKpaiHH
Ta €Bpora, e omMH — Aybdepra — 3apa3 MPOXOIUTh JIEPIKaBHE
coprouripoOyBanHst (Parij et al., 2013). PosrisHeMo xapakTepucTuKi
BHECCHHX JI0 PEECTPY COPTIB JCTATBHILLIE.

Puc. 4. Konoc ta 3epro 7. spelta copty €Bpona

3opst Ykpaiau (prc. 3) — mepimii copT 03UMOI CIICIBTH, 3aHece-
Huit 10 lepkaBHoro peectpy copTiB Ykpainu. CopT CTBOPEHO B pe-
3yJIBTATI JI000PY 3 MiCIIEBOI TOIYJIALi CTAPOJABHBOIO COPTY CIIEIBTH,
o BupouryBascs B Kapnarax. [Ipunarauii s oprasiyHoro 3emiie-
PpoOCTBa EKCTEHCUBHOTO THITY, TTOKA3Y€ BUCOKY BPOXKAKHHICTD 32 IHTEH-
CHBHOI TEXHOJIOT T BUPOLIYBaHHsL. SIK 1 OUIBILICTh CIIEIBT, M€ JIAMKH,
BUJIOBKEHUH (0 16 cM) 1 HEIIUTBHMIA KOJIOC 13 KUTBKICTIO 3epeH 48 mT.
i macoro 1000 3eper 43,5-45,0 r. CepenHst BpOXKaiHICTb 32 POKH
BHIIpoOyBaHHs — 5,5 T/ra, a noTeHiiHa — 6,2 T/ra. CopT Mi3HEOCTHT-
ymid. HeBnOarnuBuii 10 yMOB BHPOIIyBAaHHS, MA€ IIIBUIICHY 3MMO-
CTIHKICTB (8,2-8,7 Oasa), BUCOKOK MOCYXOCTIMKICTIO Ta CTIMKICTIO JI0
BIJISITaHHs Ta ocuranust. Bucora — 110-120 M. Crilikuit 1o OCHOBHHX
XBOpOO IiIeHHL: Oypoi ipxi, GoporHrcToi pocy, dy3apiosy. st copry
MpUTAMaHHE OITUMAIBHE TIOETHAHHS BPOXKAHHOCTI 3 BUCOKUMH SIKOC-
TSIMU 3€pHa. Y 3epHi IIbOTo COpTy MicTuThCst 18-22% Ginka Ta 48-49%
CHpOI KIISHKOBHHH, IO OUIbIIE, HDK y OyIb-SIKIX TOJIO3EPHIX COPTIB i3
peectpy copriB Ykpainu. Harypa 3epra 650 /1. Copt no0pe mokasas
ce0e B yCIX IPYHTOBO-KIIIMATHYHUX 30HAX YKpaiHH, PeKOMCHIOBAHHI

1o BupontyBanns y Creny, Jlicocreny ta Iomicei (The state register of
plant ..., 2015).

€spona (puc. 4) — iHIMii copT 03UMOI crienbTH, crBopernii BHIC
i YHYC, — pe3ynbrar cXpelilyBaHHs CIEIBTH i3 M’SIKOIO MIICHULICIO.
Bin cnenbTi copt yciaaKyBaB BUCOKY SIKICTh 3€pHa, a/IalTUBHHUIA TI0-
TEHINA, a Bi/l M’SIKOI IIICHHII — BUCOKY YPOXKaiHICTB 1 JIeTKUIA 00MO-
0T 3epHa. [IpunaTHuii U1 OpraHiyHOTO 3eMIIepOOCTBA EKCTEHCHBHO-
ro Turty. Ha Biaminy Bix 3opi Ykpainu, copt €Bporia Mae JIeIio BUITY
cepenHio (5,8 T/ra) Ta MOTEHIIiHHY ypoXkalHICTh (6,5 T/ra), X0ua nocTy-
TAETHCS TIEPIIOMY COPTY SIKICHUMHM TOKa3HUKaMU 3epHa. Y 3epHi cop-
Ty €Bpora BMicT Oika criazae 18-20%, cupoi kieiikoBunn 40-45%,
cuporo mnporeiHy 20-22% i3 maryporo 670 r/n. Sk i copr 3ops
Yxpainu, €Bporta — BUCOKOCTIMKIIA COPT IO OCHOBHHX XBOPOO 1 He-
CHPHSITIMBUX YMHHHKIB HABKOJIMILIHBOIO CepeoBHIlia. PekoMeH0Ba-
HUIH JyTs BUPOIIYBAHHS B YCIX IPHPOHO-KIIMATHYHNX 30HAX YKpaiHH
(The state register of plant ..., 2015).

BucHoBkn

Bi3HaueHo J1Ba HanpsiMU CENEKIIHHOT pOOOTH 31 CIIENBTOO: BifI-
POIMKEHHS 11 sIK CAMOCTIHHOT KyJIBTYpH Ta BAKOPUCTAHHS SIK JHKEpea
TOCHOJAPCHKO-IIIHHAX O3HAK y CEJEKUIMHMX TporpaMax i3 M’ sKO
muenntero (Hospodarenko et al., 2016; Liubych et al., 2017). Huni
CEJICKIIEIO CIIeIBTH 3aiMArOTHCS SIK BITUM3HSHI, TaK 1 3apyODKHI BUe-
Hi. Cepel BITYM3HAHUX YCTAHOB HAHOLIBIIOrO MPAKTUYHOTO PE3yJib-
TaTy B CENEKIIiHIN poOOTi 31 CrenbTor Aocsarii BeeykpalHebKuit
HayKOBHH IHCTUTYT CeJIeKLii, Y MAHCHKHI1 HayKOBHIl IHCTUTYT CaliB-
HuuTsa Ta [HetuTyT pociuuamiTBa iM. B. 5. IOp’eBa, B sxux yxe
CTBOpEHI COPTH, BHECEHI /10 [lepyKaBHOTO PEECTpY COPTIB YKpaiHu.

Bucoka nponyxrusHicTe 7. aestivum 3a0e30edy€ThCS 3aBISKA
YMOBaM KyJIETHBYBAaHHSI: TPUBAJIOMY Ta TCIUIOMY BereTaliifHoMy Iie-
piomy 3 M’SIKOIO 3MMOIO, 3POIICHHIO, OaraTiM MiHEpaITbHIMHU PEdo-
BUHAMU IpyHTaM. B YkpaiHi 3 1l JOCHTE CYBOPHMU Ta Pi3HOMaHITHUMA
arpoKJTIMATHYHAMH YMOBAMH BHPOIIYBaHHS 3€PHOBHX KYJIBTYp —
JIOCUTb CKJIaJIHA Ta PU3HKOBaHa crpaBa. CIeibTa 3/1aTHa IaBaTH CTa-
OlTbHI BpoyKkal Oe3 CyBOPOro IOTPHMAaHHS TEXHOJIOTi] BUPOOHHIITBA Y
GaraTbOX rOCIOJAPCTBAX HALIOI KpaiHU 1 MOYKe OyTH MPEeKpacHOIO
ABTEPHATUBOIO MMIIECHUI M’sKiH. 3Ba)katoul Ha Te, 10 OCTAHHIMH
JecATUpIYYAMU B YKpaiHi, SK 1 B IHIIMX KpaiHaX, 3p0ocTa€e MIONUT Ha
CIIENIBTY $IK JIO KyJIBTYPH OPraHi4HOTO 3eMyepo0CTBa Ta JpKepesna
«opraniuHoi abo 3m0poBoi Hxi» («organic / health foody), Bupomry-
BAHH L€ KYJIBTYPHU CTae NPUBAOIIMBUM B YMOBaX PHHKOBOI €KOHO-
Miky. ToMy criofiBaeMoch, 1110 y3arajibHeHi MaTepiaiy 3 MUTaHb T'e-
HETHKH, 0I0JI0Ti1, MOXOKEHHSI Ta MOIMPEHHSI CIIENBTH, il Tocroaap-
CBKO-I1iHHi O3HAKH Ta iHIII XapaKTePUCTUKU CTaHyTh y HAroji Hay-
KOBLUAM-TIPAKTHKaM, SIKi IUIaHYIOTb 3aliMaTHCh BHUPOLIYBAaHHSIM YH
BIIPOBA,PKEHHSM CIICIIbTH.

PoGora BukoHaHa B pamkax mpoexTyNe 111-82-17.454 «®ditoropmonaibHa
cucTeMa HOBHMX TeHOTHIIB Triticum aestivum L. Ta ii IMKUX TONEpETHUKIB
3a 71l eKcTpeManbHUX KiiMatiuHux (akropis» (20172021 pp.), wo ¢dixaH-
cyerbest HatioHanbHOO akazieMieto HayK Y KpaiHu.
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New technologies of reintroduction of plant species presuppose implementing both traditional and biotechnological
methods for obtaining certain planting materials. However, plants cultivated in vitro exist in specific conditions that lead to
changes in their structural and functional state. This explains why it is hard for them to adapt to ex vitro and in situ
conditions. Therefore, there is a need for the development of a multistage method of cultivating in vitro plants that would
make the influence on their adaptive mechanism in ex vitro and in situ conditions possible. One of its stages is the
optimization of the light regime of cultivation which can both initiate the change of the state of the photosynthetic apparatus
of plants and increase their bioproductivity stimulating the work of their protective system. This work studies changes in the
morphogenesis, growth data and pigment composition of the rare species of Gentiana lutea L. of three populations in the
Ukrainian Carpathian (mountains Pozhyzhevska and Sheshul-Pavlyk, plateau Lemska) in vitro focusing particularly on the
cultivation light regime. The research has proved the inefficiency of using fluorescent lamps of daylight lamps (LD) type as
source of illumination because the low intensity of luminous flux in the area of photosynthetically active radiation (PAR),
as well as high proportion of wavelength of blue (400500 nm) and green (500-600 nm) range in the spectrum cause
specific reactions of photomorphogenesis, which, despite the high content of pigments in plastids, lead to poor development
of root systems, stretching the stems, formation of small leaves with thin leaflet plate, generally low productivity and low
adaptive potential of G. lutea plants to ex vitro and in situ conditions. Complement of cold white light lamps to the
fluorescent lamps LD type in the ratio of 1 : 1 enables one to increase the intensity of illumination in the field of PAR and
raise the fraction of wavelength of red range (600-700 nm). Such light conditions both improve the bio-productivity of
G. lutea plants of all three populations cultured in vitro in comparison to the LD type regimen, reducing the content of
chlorophyll 4 and carotenoids in light-harvesting complexes of photosystems and facilitate an increase in the microclonal
multiplication factor without using higher concentrations of exogenous growth regulators,which significantly reduces the
cost of the process of obtaining planting materials. It was proved that a combination of LD type lamps, cold white light
lamps and phytolamps in the ratio 1 : 1 : 0.6 should be used on the final stages of preparation of the planting material of
G. lutea before transferring it to ex vitro and in situ conditions. This relates to the fact that the increase of the wavelength of
the red range results in the widening of the active surface of the leaves, rise in the content of photosynthetic pigments, and
the noticeable growth of the aboveground and underground parts of the plants. The article assumes that the use of such
illumination mode will ensure a faster transition of cultured in vitro G. lutea plants from heterotrophic to autotrophic
nutrition, improving their adaptive potential and enabling easier adaptation to non-sterile ex vitro and in situ conditions.

Keywords: in vitro cultivation, morphogenesis; intensity of the flux; photosynthetically active radiation; radiation spectrum

Bruius CBITJIOBOr0 pe:xuMy HA POCTOBI MapaMeTpu
Ta NIrMEHTHMI CKJIAJ KyJbTHBOBAHMX in vitro pocuH Gentiana lutea

JI. P. punax*, A. L. I'epu*, H. B. Hyxxuna**, M. M. Kpyk*, B. B. Illepuenko***, H. M. [Ipoouk*

*TepHoninbcoKkull HAYIOHATLHULL nedazo2iunuil yHisepcumem imeri Bonooumupa 'namroxa, Tepronine, Ykpaina
**Kuigcokuti Hayionanvruil yrisepcumem imeni Tapaca Lllesuenka, Kuis, Yxpaina
***ucmumym isionoeii pocnun i cenemuxu HAH Yxpainu, Kuis, Ykpaina

Hogi TexHOMOTiT peiHTPOMYKLLii BU/IB POCIHH TIepei0adyaroTh 3aCTOCYBAaHHS HE JIMILIEC TPAULIIHUX, a 1 OI0TEXHONIONYHIX METOJIB JUIsl OTPUMAaHHS
OCaIKoBOro Martepiany. OIHaK KyJBTHBOBaHI i1 Vitro POCIHMHH TiepeOyBalOTh y CHEHM(IYHMX YMOBaX, sIKi BHUKIHKAIOTH 3MIiHH iX CTPYKTypHO-
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(yHKUiOHATBEHOTO cTaHy. Lle mosicHIOe CKIIaIHICTh aJanTaii 10 YMOB ex Vitro Ta in situ. ToMy BUHUKae HEOOXiTHICTb pO3poOJIeHHs OaraTocTyeHeBol
TEXHOJIOTI] KyIbTHBYBAHHS i1 Vitro POCIHH, sKa O J03BOJMIIA IUTECHIPSIMOBAHO BIUIMBATH HA IX aJanTaniifHuii MOTEHINAN 10 YMOB ex Vitro Ta in situ.
OpiH 3 11 eTartiB — ONTHUMI3allist CBITJIOBOTO PEXXUMY KyJIbTHBYBAHHSI, 31ATHOTO HE JIMIIIE HIIIFOBATH 3MiHY CTaHy ()OTOCHHTETHYHOIO arapary POCIIHH, a
W minBuUIyBaTH 1X OIOMPOAYKTUBHICTH Ta CTHMYJIIOBATH POOOTY 3aXMCHOI CHUCTeMH. BHBYEHO 3MiHy MopdoreHe3y, pOCTOBHX MHapamMerpiB Ta
IIrMEHTHOTO CKJIay POCIIHUH in Vitro TpboX Nomysisiiit Yxpaincekux Kaprar (i3 rip Toxxmkescbka, Lenryn-ITapmik i nosonuxu Jlemcbka) pifikicHOro
Buny Gentiana lutea L. 3aleXHO BiI CBITJIIOBOTO PEXUMY Ky/IHTUBYBAHHA. BCTAHOBIEGHO HENOIUIBHICTH BHKOPHCTAHHS SIK JUKEPENa OCBITICHHS
JIFOMIHECLIEHTHHX JIAMIT ICHHOTO CBITJIa, OCKLUIbKM HU3bKA IHTEHCHBHICTB X CBITJIOBOIO MOTOKY B 007acTi (POTOCHHTETHYHO aKTHUBHOI pajiallii, BUCOKa
YacTKa y CIeKTpi XBuib cuHboro (400-500 um) Ta 3enenoro (500-600 HM) jiarasoHIB 3amyckaloTh crelmdiuni peakiii (oromopdorenesy, sii,
HE3BKAIOYM HA BUCOKIM BMICT MIrMEHTIB Y IUTACTHJIAX, CIIPHYMHSIOTH CIIA0KHIT PO3BHTOK KOPEHEBOI CHCTEMH, BUTATYBaHHS CTEOEI, yTBOPEHHS JPiOHIX
JIMCTKIB 13 TOHKOO JIMCTKOBOO TIACTHHKOIO, 3arajlbHOI HI3bKOI MPOIYKTHBHOCTI T4 HU3bKOTO aJIaNTaIIiHOro MoTeHMiany pociuH G. lutea 1o yMOB ex
vitro Ta in situ. Kopekuisi CBITJIOBOr0 peXXHMYy JIaMIT ICHHOTO CBITJIa JIAMITAMH XOJIOJHOTO OLIOro CBIiTIIA y CITIBBIAHOLICHHI 1 : 1 103BOJISE MiABUIINTA
IHTEHCHBHICTb OCBITJIEHHA B oOnacti ®AP Ta 30UIBIIMTH 4YacTKy XBWIb 4YepBOoHOro aianasoHy (600-700 ). Taki CBITJIIOBI yMOBM He JuIIe
OMIMIIYIOTh O10NPOXYKTUBHICTD KYJIBTHBOBAHUX 71 Vitro pociuH G. lutea ycix TPHOX IOIYJIALH MOPIBHAHO 3 peskMoM JIJ1 J1aMI1, 3MEHIITYIOTh BMICT
x70podiy b 1 KAPOTUHOIIIB Y CBITIO30MPATBHIX KOMILIEKCaX (POTOCHCTEM, a 1 I03BOJISFOTH 30LTBIINTH KOS(MIIEHT MIKPOKIIOHAIBHOTO PO3MHOMKEHHS
0e3 10JIaTKOBOTO 3aCTOCYBAHHS KOHLICHTPALIH €K30I€HHHX PEryssTopiB pocty. Lle 3Ha4HO 3[eMIeBIIIOe MpoLec OTPUMAHHS MOCAIKOBOIO Matepiaiy.
KoMmOiHarlito JTIOMIHECLIEHTHHX JIaMIT JIGHHOTO CBITJIa, XOJIOAHOrO OUIOro cBitia Ta (itonamn y cribBigHommenHi 0,6 : 1 : 1 TOLUIBHO BUKOPHCTOBYBATH
Ha 3aKJIFOYHKX €Tarax MiIr0TOBKK MOCAKOBOro Marepiany G. lutea 1o miepeHeceHHsI B yMOBH ex Vitro Ta in situ. L{e ToB’s13aH0 3 THM, 1110 TTiIBUIIICHHS
YaCTKH XBUJIb YSPBOHOTO JTialia30Hy CHpHsie 30UIbILIECHHIO eDeKTHBHOI IIOBEPXHi JIMCTKIB, BMICTY (DOTOCHHTETHYHHX MIrMEHTIB, HAHOUIBIIOMY IIPUPOCTY
HAJI3eMHOI Ta ITJ3¢MHOI YaCTHH POCIHH. 3pO0JIeHO IPUITYILIEHHS], 0 BUKOPHCTAHHS TAKOIO PEKUMY OCBITJICHHS 3a0€3ICUHUTh IMIBHAIIMI MEpexi
KyIBTHBOBAHUX in vitro pociuH G. lutea Bin reTepoTpodHOro N0 aBTOTPOMHOrO XKHUBJICHHS, TOMIIMIINTE X afanTarifHii] MOTEHIIa i JO3BOIHUTH JICTIIIe
TIPUCTOCYBATUCS IO HECTEPUIIBHUX YMOB €X Vitro Ta in Situ.
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Beryn

AHTpOTIOreHHa TpaHc(opMalis TOBKILIS BUKIMKANA PyHHyBaH-
HsI CTPYKTYpPH OUTBILIOCTI POCIMHHKX yrpymyBaub. Lle cnpriauxmio
TIOpYIICHHS MOMYJISALIA OaraTh0X BHIIB, 3aMiHy KOHKYPEHTHOTO THITY
CTpaTeriii Ha CTPECTOIEPaHTHUI a00 pyAepATbHUN 3 O3HAKAMHU JIH-
rpecii, 3HDKEHHS TTOKA3HHUKIB IPOAYKTHBHOCTI Ta XUTTEBOCTI POC-
JIMH 1, SIK HAaCIJOK, (pparMEHTAIil0 MICIb 3POCTAHHSI, 3MEHIICHHS
KUTBKOCTI OCOOHH y TOMyJISILIsIX 1 reHeTHaHy epo3ito (Kramer & Ha-
vens, 2009; Mayorova et al., 2015a). 3 11i€i NpHYUHN B OCTaHHI 1eCsI-
THJITTSI {HTGHCHBHO PO3POOJISIIOTHCS HOBI 1HTErPOBAHI TEXHOJIOTI,
SIKi TIOEZHYIOTh y C001 €IeMEHTH 30epeKEeHHS SIK in Sifu, TaK i ex situ
Ta nependavyaroTh PEIHTPOMYKIIIO PIIKICHIX Ta 3HAKAIOYMX BUIIB Y
MPUPOIHI YMOBH, JI¢ BOHHM DaHIIle POCIH, ONHAK Oyl 3HHILEHI
BHACJIIIOK aHTPOITIOTCHHOTO HABAHTAKCHHS Ha nomyyismii (Burney &
Burney, 2007; Maschinski & Albrecht, 2017). Volis & Blecher
(2010) 3anporioHyBaI HOBY CTpaTerito PeiHTPOMYKIIl, i/l Ha3BOIO
«Ba3i in sitwy, ska mnependavae I’STh BAKIMBHUX CTalliB Bil
MIEPBUHHOTO aHAJIi3y PO3MOZLTY PIAKICHUX BUIIB Y IPUPOI, BiOOpY
X Marepialy, PO3MHOXKCHHS POCJMH B YMOBaX, SIKi MaKCHMaJbHO
BI/IMIOBINAIOTH X €KOJOTTYHUM MOTpeOaM, JOCITIHKEHHS KUTTEBOIO
LMKITY BHUAIB Ta BU3HAYCHHS KOMIUIEKCY a0iOTHYHMX Ta OIOTHYHHX
(hakTOpiB, IO BIUIMBAIOTH Ha iX NOMYIMIUHHY CTPYKTYpy, IO 3a-
KITIOYHOTO €TaIly MOHITOPHHTY YCHIITHOCTI PeiHTPOMYKIil IUX TaK-
COHIB y IIpUpOAHi yMOBH. [Ipy 1IboMy TIOpSI i3 TpaaUI{iHUMI METO-
JIaMH PO3MHOMKEHHSI Ta OTPHMAHHSI TI0CaIKOBOTO MaTepiaiy Bce dac-
Tillle TIPOIIOHYETHCS BUKOPHUCTOBYBATH OioTexHosoriuHi (Sarasan
et al., 2006; Bisht et al., 2017; Keziah & Devi, 2017), 30kpema, meTox
MIKPOKJIOHAJIEHOTO PO3MHOXKEHHS 71 Vitro, SIKUA J03BOJISIE LIBHIKO
OTpHMATH POCIIMHHHI MaTepiall, HeOOXiIHMII I BINTBOPEHHS Ta
TOBEPHEHHS y TPHUPOAY MPEACTABHUKIB 0OaraTbOX BHIIB POCIHH
(Kiran et al., 2014), y Tomy uucni BuniB pony Gentiana L. (Drobyk
etal., 2015), 30kpema, HOro piIKiCHOrO BHUCOKOTIPHOTO TaKCOHA —
Gentiana lutea L. (Drobyk et al., 2015; Hrytsak et al., 2017).

Pocminu, oTpyMaHi 3 BUKOPUCTAHHSM KyJIBTYPH KJITHH 1 TKa-
HUH In Vitro, 31aTHI IBHUJILIE IPOXOIUTH €Talld OHTOTEHE3Y, XapaK-
TEPU3YIOTHCS BUCOKOIO SIKICTIO, BUCOKMM KOS(ILIEHTOM PO3MHOMKEHHSI,
IHTEHCHBHMM TprpocToM Oiomacu Toro (Belokurova, 2010; Oceania
et al., 2015). OmHak mporecH pocTy, PO3BUTKY Ta MPOXYKTHBHICTH
KyJIBTHBOBAHUX i7 Vitro POCIVH 3aJle)kaThb Bi 0ararbox (akTopis, y
TOMY 9HCII Bif cTaHy iX (hoTocHHTEeTH4HOro amapary. Ha mymky
V. P. Kucheriavyi et al. (2003), 11e MOsSCHIOETBCST THM, 1110 (QYHKITO-
HaJIbHI TIPOLIECH B POCIIMHHOMY OPTraHi3Mi 3a 3HAYMMICTIO PO3TallO-
BYIOTBCSL Y TaKiil MOCIIIOBHOCTI: (pOTOCHHTE3, IMXaHHs, OIOCHHTE3
BTOPHHHHX PEYOBHH, TPAHCHIPALIist, picT i po3BUTOK. DyHKIIOHYBaH-
HS (POTOCHHTETHYHOI CUCTEMH, 3 OJHOTO OOKY, 3aJICKHTh BiJl €HIO-
TeHHOI peryJsiLii (ropMoHabHOI Ta MetabomiuHoi) (Ling & Jarvis,

2015; Sun & Zerges, 2015), a 3 iHIIIOr0, Bill €K30r¢HHOI, OCKLTHKI
MrMEHT-OLTKOBUI KOMIUIEKC (JOTOCHHTETHYHHX MEMOpPaH pearye Ha
3MiHy 30BHILIHIX YMOB BupoutyBanHs (Gururani et al., 2015).

KyneruByBaHHS pocnuH in vitro miependadae CTBOPEHHS LITYY-
HOTO YKUBUJIBHOTO CEPEOBHIIIA, 110 3a OaraTbMa mapaMeTpamu Bif-
PI3HSAETHCA Bl MpUpoaHuX yMOB 3poctanss BuiB (Cruz-Cruz et al.,
2013). BiMiHHOCTI CTOCYIOTBCSI TAKOXK IHTCHCHBHOCTI Ta SIKOCTi OC-
BITJICHHSI, Ta30BOT'0 CKJIaJLy MOBITpsI KyJIGTUBALHOTO TIOCY/Ty, PIBHS
BiZTHOCHOI BOJIOT'OCTI, OCOOJIMBOCTE! MiHEPAJIEHOTO YKUBJICHHS TOLIIO.
JKvBuibHI cepeioBHIIa YacTo 30aradeHi caxapo3olo, sKa, 3 OHOTO
60Ky, € [pKepenoM KapOoHy Ta 3yMOBIIIOE HIBH/LIMI PIiCT POCIIHH, a,
3 {HIIOrO, MPUTHIYY€E HAKOMMYEHHS XJIOPO(DITB, 3MEHIIyE aKTHB-
HiCTh (epMeHTIB XJopormacTiB i npouecu ¢ikcarii CO, (Banas &
Gabrys, 2007; Dingenen et al., 2016). 3mina ckagy Ta MeTaboi3My
MIMEHT-OUTKOBHX KOMILUIEKCIB (DOTOCHHTETUYHHX MeMOpaH XJI0po-
TUIACTIB BIUIMBAE Ha 3arajIbHUI pIBEHb METa0oIMi3My, PyX aCHMUISITIB,
cuHTe3 poctoBX pedouH Towo (Schéttler & Toth, 2014; Ling &
Jarvis, 2015). ToMy 11e O3HAYA€ETHCA HE JuIIe Ha GopMyBaHHiI HOTO-
CHHTETHYHOI CHCTeMH, a i Ha il 3MaTHOCTI y MOJaIbIIOMY a/ianTyBa-
THCs 10 (yHKLIOHYBaHHS B yMoBax ex vitro (Kodun-Ivanova, 2017).

I3 miTepaTypHHX DKepern BiloMO, IO BUAOBA CHIEHUA(IKa POCTIAH
BU3HAYa€E 1X MOTPeOH y CIEKTpi CBIT/A Ta HOro IHTEHCHBHOCTI BH-
TIPOMIHIOBAHHS y Pi3HUX JUITHKAX ()OTOCHHTETHYHO aKTHBHOI pajtia-
uii (PAP) (Ouzounis et al., 2015). JIj1st IpOMICIIOBOT TEXHOJIOTIT BH-
POLLLYBaHHSI POCIIMH BUKOPHCTOBYIOTH Pi3HE CIiBBIJHOIICHHS XBUJIb
cunboro (Ec), 3emenoro (E3) Ta uepsonoro (Edv) miama3oHis,
30KpeMa: U1 cLioQiTiB —

Ec: E3: Eu=15-20% : 35-45% : 40-45%,
a Jutst resmodiTiB —

Ec: E3: Ea=10-20% : 15-20% : 60-75%.
Tpu poMy MiHIMATTEHO AOIMYCTUMUH Jiana3oH iHTeHcHBHOCTI DAP,
3a SIKOTO BEreTaTHBHI OpraHd I 3[aTHi POCTH, CTAHOBUTH 15—
30 Br/v’;, onTuManbHa DI CLHO(ITIB iHTEHCHBHICTS CBITIOBOTO
notoky 70 BT/MZ, a Jy1st remioiTiB il Tiana3oH KOJMBAETHCS B MEKaX
150-220 Br/m? (Govorov et al., 2011).

Pinkicuuii Bun G. lutea — BUCOKOTIPHHI TaKCOH, MPUPO/IHI 110~
IyJBILT SIKOrO 3pOCTAIOTh Y «XOJIOHIN 30HI» CyOaIbMHCHKOrO mosi-
cy Yxpaircekux Kaprar (Kobiv et al., 2017), [Tipereis Ta Manoi Asii
(Rossi et al., 2015). B Ykpaincpkux Kaprnarax mporsrom Bereramiii-
HOTO TIepioly KUTBKICTh JHIB i3 CepeaHBOI000BOIO TEMIIEPATyPOrO
+15 °C ne nepesuye 60—70, BHECOK IpsiMOi pajiariii B CyMapHy —
menmmit 40% (1234 M]Ix/M?) 1 HaBiTh BIITKY 4Yepe3 3HAYHY XMap-
HICTh HE JIOCSTAE CePeIHHOTO PiBHSI, XapaKTEPHOTO YISl iHILIMX TepH-
Topiii (Rybchenko & Savchuk, 2015). 3a Takux yMOB OCBIT/ICHHS Y
CIIEKTPi BUMPOMIHIOBAHHSI 30UTBLIYETHCSI YAaCTKa CHHBO-(ioIeTOBHUX
XBUIb. Lle 3yMOBIIOE PO3BHTOK KOMIIEHCATOPHHUX MEXaHi3MiB Y BH-
COKOTIPHHX POCIIHH, AKi 3MiHIOIOTh 1HTEHCHBHICTH (DOTOCHHTECTHY-
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HMX PeaKllii, CIiBBITHOIICHHS CBITJI030MPaIbHHX MITMEHTIB Y peaK-
LiiHKX 1eHTpax ¢orocucremu I, nepediry ¢izionoriynmx Ta Gioxi-
miunnx npoueciB (Kuster et al., 2016; Gong et al., 2018). Tomy
BUOpaTH ONTUMAIBHHMII U1 KyJbTHBYBAaHHS B YMOBaX in Vitro
BHCOKOTIPHHX POCJIMH PEXUM OCBITJICHHS, SIKHI OM HE MOPYIIyBaB
TIpoLiecH X MOp(OreHesy, IyKe CKIaIHO.

ToeranHe 3MeHIIEHAS Y >KUBITEHOMY cepenoruit MC/2 (cepe-
nosre MC (Murashige & Skoog, 1962) 3 1m0NOBUHHIM BMICTOM
Makpo- Ta Mikpocoseii) konmenTpainii NH4NO;, 3amiHa pxepena
KapOOHy 13 caxapo3y Ha HU3bKOMOJIEKYJIIPHHI MaHIT, BUKOPUCTaH-
HI SIK TATPUMYBAJIGHOTO CyOCTpaTy arapy y MOEIHAHHI 3 MEepIIiToM
cripusie e(hEeKTHBHILIOMY BKOPIHEHHIO MIKPOKJIOHAIBHO PO3MHOMKE-
HUX pociuH G. [utea, TOMIMIIIye 1X agamlTaIlilo O YMOB ex Vitro Ta
3a0e3mnedye BHCOKHIA (10 51%) BiACOTOK iX NMPIKUBAHHS Y HPUPOAL
Ha nepuioMy poui xuttst (Mayorova et al., 2015b). OrpumaHi B Ta-
KUX yMOBax OIOTEXHOJIOTIUHI POCIMHH MaJIi MOP(OIOTiYHI O3HAKH,
SIKI 3a3BHYAl CIIOCTEpIraroTh 3a HEJOCTATHBOIO OCBITJICHH:, a0o 3a
HEONTUMAIBHOTO CIIEKTPAIBHOTO CKIIay CBITJIA, 10, MOXIUBO, CTa-
JIO TIPMYMHOIO 3HAYHOTO 3MEHILICHHS [TOKA3HUKIB BIDKMBAHHS OCOOMH
(mo0 15%) ynpozoBx HAaCTYIHUX ABOX POKiB. ToMy s ycrimHoi pe-
iHTponykuii G. lutea HeoOXimHe OOTPYHTYBaHHS Ta PO3POOICHHS
eexkTHBHIIIOI, OaraToCTyMiHIACTOI TEXHOMOTII afanTalii OTPHMAHIX
in Vvitro pOCIIMH IIbOTO TAKCOHA SIK JI0 YMOB ex Vitro, TaK 1 10 in situ.
LIt TexHOITOTISI TOBUHHA CIPUATH IIBUKIH CTPYKTYpHIil 1IepeOy1oBi
KyJBTHBOBAHUX in Vitro pocimH G. lutea T yac TIEPEHECEHHS X B
YMOBH ex Vitro Ta in sifu; He JIOITyCKaTH MOPYIICHHS (DYHKIIIOHYBaHHS
MeXaHi3MIB X (POTO3aXHCTy 3a CYTTEBOrO 30UIBIICHHS KUTBKOCTI
TIpSIMOi Ta CyMapHOT CORsTIHOI pamiartii (1o 350400 Br/m?) B ymosax
Bimkpuroro 1pyHTy (Séez, 2012). Ockineku Viazov & Shalyho (2016)
Ha npukiani Cucumis sativus L. TIOkazaimi, [0 ONTHAMI3ALis CBITIOBO-
TO PeXXIMY He JIUIIIE 31aTHA BUKIIMKATH MOAM(IKAIIIO CTaHy (JOTOCHH-
Te3yBAIGHOTO arapaTy POCIH, a i CTHMYJIIOBATH POOOTY iX 3aXHCHOI
CHCTEMH, Y TOMY YHCJIi aHTHOKCHJIAHTHOI Ta aHTHUITATOTeHHOI, OJJHUM
i3 MIXOMIB Ul BUPIICHHS BHINE3raZiaHol MPOOTIeMH MOXE CTaTH
3MiHa CBITJIOBOIO PeKHUMY I1iJ] Yac BUPOLLYYBaHHs POCIIUH i1 Vitro.

Buxosuu 3 BUILE3a3HAYEHOI0, META HAIIMX JIOCITUKEHD — OLli-
HUTH 3ICKHICTh POCTOBHX TapaMeTpiB, KyJIETUBOBAHHUX in Vitro poc-
mvH G. lutea, BMICTY Ta CHIBBITHOLICHHS B HIX OCHOBHHX (DOTOCHH-
Te3yBAIBLHUX HIrMEHTIB (XJI0podiiiB @, b, KAPOTUHOIMIB) BiJ| CIIEKT-
PAIBHOTO CKJIAAY Ta IHTEHCHBHOCTI CBITJIOBOTO IIOTOKY B OOJacTi
@OAP mTydHIX DKEpEIT OCBITICHHS.

Pe3ynbraTit X AOCHIIPKEHB MOCITY)KaTh OCHOBOKO ISl ONTUMI-
3allil CBITJIOBOrO PE&KUMY BUPOIIYBaHHS in vitro pociuH G. lutea ta
PO3pO0IIeHHsT CXeMH MiIBULCHHS iX aJanTauiifHOro MoTeHIjary Ha
MepIIoMy eTami 6araTocTymiHYacToi TeXHONOri cradimizarti / peiH-
TPOyKIii Horo momyJsii B Yipaincekux Kaprarax.

Marepian i MmeToau 10CTiKeHb

JocnipkyBanu pifkicHuit slikapebkuit Bun — G. lutea, sikuit poc-
Te y BHCOKOTip'i YkpaiHchkix Kaprar y Mexax rilcoMEeTpHYHHX
pisaiB 1300-1500 M H. p. M.

BuxinHuii HaciHHEBHI MaTepiai 3i0paHo i Yac eKCIeAULi B
VYxpaincekux Kaprarax y momyssiisx Ha ropax (T.) [loxmkeBcbka
(xp. Yoproropa, HaysipHsHCEKHiA p-H, [BaHO-DpaHKiBebKa 00, 1427 M
H. p. M, 48°09°19”" N, 24°31°94** E), r. lllemryn-ITaBmux (xp. Yop-
Horopa, PaxiBcbkwii p-H, 3akapmarceka oOm., 1627 M H. p. M.,
48°08°99’ N, 24°21°58* E), nononuHi (11.) Jlemcbka (xp. Hoproro-
pa, PaxiBchkuii p-H, 3akapriarcbka oo, 1816 M H. p. M., 48°05°34”° N,
24°34°89” E). 36upamu Hacinust G. lutea BIINOBIOHO 1O JO3BOIY,
HazjiaHoro MiHiCTepCTBOM €KOJIOril i MPUPOIHKX pecypciB YKpaiHu
No4344/11-09 Bin 12.05.2009 p. Ta Ne7657/19-12 Bin 25.07.2012 p.

OtpuMaHi in Vitro TIPOPOCTKH NEPecaKyBald Y PiaKe sKIUBIIb-
He cepenopuiie MC/2, nonoreHe 0,1-0,2 mr/n xiHeTuHy. MiKpo-
KIIOHAJIEHE PO3MHOMKEHHS POCIIMH IIPOBOAIUIH 32 paHiIe po3podiie-
HuMH Metozukamu (Strashniuk et al., 2004), BUKOpHCTOBYIOUH ISt
JIOCITi/KEHB aITiKasIbHI JKMBLI 3 IBOMA ITapaMu JIKCTKIB. st 1X pocty
Ta BKOpIHEHHs BHKOPHCTOBYBAIM >KHMBWIbHE cepenoBuiie MC/2,
nonoBHere 0,1 MI/n KiHeTHHY.

MIKpOKIIOHAJIEHO PO3MHOMKEHI POCIHHU KyJIBTUBYBAJIH Y IIPO-
OipKax Tt JTOMIHECIIGHTHUMH JIaMriaMu feHHoro citia (JII) dip-
mu «General Electricy (Hungary) 3a iHTEHCHBHOCTI CBITJIOBOIO OTOKY
B obnacti AP 25 Br/v?, doronepion 16/8, Temmeparypa 19-21 °C.
1i ymMOBH KyNbTHBYBaHHS PO3IIIIAIH SIK KOHTPOJb. 3TIOHO 3 TeX-
HIYHIMH XapaKTepHUCTHKaMH, KoedimieHT kopucHoi aii JI/] mamm B
obmacti ®AP xonmmBaethest B Mexkax 9—12% (abo 3,71-4,94 BT/MZ),
crekTpayibhuid ckinan: 22,3% — 400-450 uMm, 19,5% — 450-500 uwm,
22,3% — 500-550 um, 22,3% — 550-600 um, 11,8% — 600—-650 HM,
3,7% — 650-700 um (Velyt & Guzyk, 2013).

Jlnst excrieprMeHTy Bigiopaso 1o 10 BUXIIHHX, OTPUMAaHKX LUTI-
XOM IIPOPOLLYBAHHS in Vitro HaciHUH pociuH G. lutea 3 TPHOX MOITY-
ysmiit (1. [oxkmkeBcbka, T. Llemyn-TTapnuk, . Jlemceka), siki Mik-
POKJIOHATFHO PO3MHOXKYBAJIM 3 METOI0 OTPHMAaHHS TOTPIOHOT JUIs
JOCIT/DKEHHST KUTBKOCTI POCIMHHOTO Matepiany. [l 3°scyBaHHS
BIUIMBY iHTEHCUBHOCTI OCBIT/JICHHS Ta CIICKTPIB BUIIPOMIHIOBAHHS Ha
POCTOBI HapaMeTpH Ta BMICT MIrMEHTIB y KyJIBTHBOBAHHX in Vitro
POCIIMHAX J0JJATKOBO BUKOPHCTAHO JIFOMIHECIICHTHI JiaMri Lumilux
36W 840 xonomnoro 6inoro csitia (JIXB) ta ditomammu Fluora
L36W/77 G13 (DJI) dipmu Osram (Himeuunna). CitsioBHil MOTIK
JIXB 3rigno 3 Texuiyanvy gaHumu — 2 700 JOMeH, HOro iHTEHCHB-
Hicts B o6macti ®AP (7,5 Br/M®), criekTpabHuii CKIa y miarasoHi
DAP: 12,8% — 400450 um, 20,1% — 450-500 HM, 12,3% — 500—
550 um, 29,7% — 550600 uM, 20,2% — 600650 HM, 4,9% — 650—
700 M (Velyt & Guzyk, 2013)). OJI MaroTh Taki XapaKTePUCTHKH:
iHTeHcuBHICTb B 06macti AP — 35,28 Br/m® abo 28,22 Br/m® 4epe3
5000 romuH, criekTpanbHui ckiaax: 15,5% — 400-450 mm, 3,7% —
450-500 um, 7,4% — 500-550 uM, 9,6% — 550-600 HM, 59,9% —
600—650 HM, 3,9% — 650700 HM (Velyt & Guzyk, 2013). 3actocy-
BaHHS IUX JIAMIT JO3BOJIMJIO MiIBUIIATH iHTEHCHBHICTH CBITJIOBOTO
10TOKy 3 25 110 135 Br/M’ i 3ificHuTH [1Ba BapiaHTH KOPEKITii CIIeKT-
pansHoro ckany (CK) kortporo:

— MepIIvii BapiaHT: IHTEHCHBHICTH CBITJIOBOTO NMOTOKY B 00J1acTi
®AP 44 Br/v?, criieinaomersst samn JIJI o JIXB cranosuts 1 : 1,
CYMAapHMH CIEKTPaJIbHUN CKJIAJL:

Ec:E3:Eu=3735% :42,35% : 20,3%;

— ApYTHil BapiaHT: IHTCHCHBHICTH CBITJIOBOrO MOTOKY B 00JIacTi
®AP — 135 Br/v?, crissigHowenns mamn JIJ{ o JIXB ta ®JI
cranoBuTh 0,6 : 1 : 1, cieKTpabHMiA CKITa:

Ec:E3:Ea=29,5%:32,42% : 38,01%.

YV KOXKHOMY i3 TpBOX BapiaHTIB (KOHTPOJIb Ta J(Ba BapiaHTH KO-
pexitii) BukoprctoByBad 1o 30 pociud — 1o 10 i3 KOXKHOT 3 TPhOX
MOMYJIALIA. [HTeHCHBHICTH CBITJIOBOrO TOTOKY B obOiacti @AP pos-
paxoByBayH 3riiHO 3 «HopMamu TEXHOJIOTIYHOTO MPOSKTYBAHHSI Tell-
JIMLb | TEIUTMYHAX KOMOIHATIB sl BUPOILLYBaHHS OBOYIB Ta PO3CaIH
HTII10-95», 3a dpopmystoro:

5w

Wn’
ne N — KUTBKICTb JIaMIT (IIT.); .S — TUI0IIA MPAMIIICHHS () W— -
TOMa TOTYXHICTb ocBiTnenocti (Br/v?); W, — IHTOMA NOTYXKHICTS
nammu B obmacti @AP (Bt) (Velyt & Guzyk, 2013).

PocroBi napamerpu anamizyBamu uepe3 90 ni6 KyJIGTUBYBAaHHSI.
TinpaxoByBanmu Kinbkicts JmcTkiB (NL), Bu3Ha4amm BucoTy crediia
(LS), nosxuny mixsysiiB (LIN), cupy macy muctkiB (WL), kopenst
(WR), namemuoi qactunu (WS) Ta pociu y uitomy (WP); oty
yci€l nucTKOBOI MOBepxHi (A) Ta momnry omHoro Jmictka (AIL)
BUMIpIOBATIM 32 Joromororo porpamu Petiole (https://petiole.com).
AHayi3 X TapaMeTpiB JI03BOJIMB BU3HAUUTH €(PEKTUBHICTH yTBO-
PEHHS POCIIMHAMH JIMCTKOBOI TIOBEPXHI Ta TIOKa3HUKHU PO3BUTKY (Hho-
TocuHTeTHYHOrO anapaty (Bidl, 1989): BiaHOIICHHS MIONI JMCTKIB
1o 6iomacu pociut (LAR), porocuarernune 3ycumist (LWR), mio-
11y opuHuLi Mack jctka (SLA), a Takox BiTHOLLIEHHs Giomacu cTeb-
na 10 6iomacu xopenst (LSR).

[TirveHTH 3 TMCTKIB eKCTparyBa auMeTricyibgokcuoM (IMCO,
(CH3),S0,) 3a meromukoro Mezhunts (2009). BusHaueHHs BMicTy
xytopodiniB a (Chl a), b (Chl b) Ta cymun xaporunoinis (Carot) mpo-
BoJMIH Ha criektpodoromerpi CD-46 3a OBKUHU XBUIb 663, 645 1
440,5 um, BimmosinHo. KoHreHTpariiro xyiopodiiiB Bu3HaYaM 3a Gop-
MyJjamu MakiHHi — ApHOHa, a CyMy KapOTHHOiAiB — Berrmrreiina
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(Mezhuts, 2009). Kpurepiii JocTOBIpHOT pi3HHMLII IPYHOBHX CEPEIHIX
Trroki (Honestly Significant Difference) po3paxoBano 3a 10nomororo
nporpamHoro 3abesnedenns Prism 6 ta R-studio. [l y3aransHenHs
JIAHMX Ta BHSBICHHS B3a€MO3B’A3KIB MDK KUIBKICHUMH 3MiHHUMH
BHKOPHCTAHO METOJI TOJIOBHIX KoMIIOHeHT (Principal component ana-
lysis). Kputidnuii piBeHb 3HAYUMOCTI JUTSI TIEPEBIPKH CTATHCTHIHHX
rinores y fociipKerHi npuiiMam pisamM 0,05.

PesyabTatn

Anatiz MOpHOMETPUYHHX 1 ATIOMETPHYHUX [apaMeTPiB KyJIbTH-
BOBaHUX in vitro pociuH Buny G. lutea, siKi penpe3eHTyIOTh I'€HO-
¢onp Horo aox mpupomHux (r. [llemryn-Ilapmuk, m. Jlemceka) Ta
omHiel iHTpomykoBaHOi momyssti (T. [loxkimkeBcbka) TOKa3aB, 110
IHTEHCHUBHICTB IX POCTOBHX HPOLECIB 1 PO3BHTOK 3HAYHOIO MipOIO 3a-
JIeXaTh BiJ CIIEKTPAJILHOTO CKIIaTy CBITJIA Ta IHTEHCUBHOCTI HOTO I10-
TOKY B utstHIl AP,

V npuponHoMy cepenoBHIL HiDKHI JTUCTKH G. lufea yTBOPIOIOTH
Ppo3eTKy, a BepxHi — crebnoodroptHi. KynapruByBanus in vitro oco-
OUH LIOrO BHY B YMOBaX KOHTPOJIO 33 HU3bKOI iIHTEHCHBHOCTI OC-
BITJICHHS Ta 30UTBIICHOI Y CIIeKTpi yacTku XBuib Ec Ta E3 mianasonis
BHUKJIMKAE 3MiHH iX radiTycy. Lle mposBiseTscs y He XapaKTepHOMY
JUTS IHTAaKTHHX POCIIFH BUJOBXKEHH] MDKBY3/1iB, 3HAYHOMY BHUTSIYBaH-
Hi cre0el 1 yTBOpEHHI APIOHUX JOBOYEPEIIKOBHX JIUCTKIB (pHC. 16).
Hwusbka Takox Gi0npoyKTHBHICT POCIHH KOHTPOJIBHOI IPYIHN BCIX
JIOCTIDKEHHX TIOMyYJISIIMN, TIPO M0 CBiTYaTh TOKA3HHUKH (piTomMac 1x
Ha/I3eMHHX OPraHiB i IUIOLi JIMCTKOBOI MOBEpXHi, siKi y 2,9-3,7 pasa
(y Bumagky r. Iloxwkescbka), 2,0-3,4 (m. Jlemceka), 2,5-3,7 pasa
(r. Wemryrn-ITaBnuk) HipKYa MOPiBHIHO 3 HepiumM BapiantoM CK iy
2,9-5,1 paza (r. [loxmkeBcbka), 2,7-5,7 (1. Jlemcrka), 3,1-5,5 paza
(. Iemrysn-TTaBmyk) — i3 ApyruM BapiaHToM gociiy (Tadm. 1).

YV pocnvH KOHTPOMIO HairipIIe, TOPIBHAHO 3 000Ma BapiaHTaMU
CK, po3BUBAETHCS KOPEHEBA CUCTEMA Ta YTBOPHOETHCS TOHINA Ha 18—
52% mmctkoBa TUIacTUHKA. Hisbki W BEMMUMHM (DOTOCHHTETHYHOTO
3YCHILIS, @ TAKOXK MOKA3HUKH, 1110 XapaKTEPHU3YIOTh IOTYXKHICTb PO3-

Taoaums 1

BUTKY JIUCTKOBOI 1oBepxHi (LAR). BinMiHHICTb KOHTPOJIBHUX POCITHH
JIOCTOBIPHO HE 3HAYHA JIMILE Bi mapamerpa SLA pociuH nepioro
Bapianta CK (y Bumazxky r. [oxikescpka Ta r. lenryn-ITasmuk); 3a
IHIIMMY  T1apaMeTpaMy  POCIMHU KOHTPOJIBHOI TPYIH CTaTHCTHYHO
noctoBipaO (P < 0,001) BimpizHAIOTECS Bi 000X BapiaHTIB AOCIITY.

Puc. 1. 3mina rabiTycy KyJIbTHBOBAaHUX in vitro pociuH G. lutea
nomyssinii r. [Henryn-TTaBnmuk 3a pi3HUX CBITJIIOBHX PEXHMIB iX
BHUPOIIYBaHHs: A — IPYTHi BapiaHT CBITIOBOI KOPEKLLi;

5 — neprumii BapiaHT CBITJIOBOT KOpeKLil; B — KOHTPOITb

3miHa MOPHOMETPHIHHX 1 aTOMETPUYHHX NTApaMETPiB KyJIBTUBOBAHUX in Vitro pociuH G. lutea 3 pisHUX OIS
3a7IXKHO BiJl JDKepena CBIT/Ia Ta iHTEHCHBHOCTI CBiT/I0BOro moToky (BT/M?) B 06macti AP, (n= 10, x + SD)

Bapiant  NL, mr LS,ev LIN,em WR mr WS, mr WP, mr

WLMr A ALLew’

LSR, mr/Mr LAR, eM’/mr SLA, e?/mr LWR, Mr/vr

Pocrmrm 3 1. TTokimkeBChKa

Kommpors  106+1,9° 9,1+2,1°
Bapianr 1
Bapianr |

1,7+0,1° 12,1+13° 874108 994+121° 31,8+48 2,7+04° 026+0,03° 7,24+0,18" 0,026 +0,001°0,085 % 0,002* 0,32+ 0,01°
124+1,6" 56+07° 09+0,1° 453+73° 2537+413" 299,0+486" 111,3+59°8,0+12° 0,64+0,06° 5,59+0,11° 0,026+0,001°0,072 +0,002° 0,34+ 0,01°
103+13° 27404 06+0,1° 545+9,6" 2552+ 16,7 301.9+354* 1609+ 183°9,1 0,7 0,89=0,07" 4,62+037 0,029 +0,002°0,056 = 0,003° 0,53 = 0,02°

Pocymnm 3 1. Jlemcpka

Kommpoms 107£1,7° 94+1,7 18+0,1° 11308 84,5+48

Bapianr 1 128+1,5* 45+05°

958+568 292+23% 2,6+02° 024+0,02° 7,48+0,18% 0,024 +0,001°0,087 = 0,002° 0,30 = 0,01°
06+0,1° 39,1+5,1° 222,0+359" 261,1+21,6°859+10,7°6,4+0,5" 048+0,05° 5,68=0,10° 0,026+ 0,001°0,071 =0,010° 0,33 +0,02°

Bapiarr2  105+09° 25402 05+0,1° 645+67 22424218 287,7+279 1453+135°9,7+0,6" 09+006" 348+0,13° 0,033 +0,001°0,065% 0,001 0,50+ 0,01°

Pocrmnn 3. emyrn-TTapmix

Konmporms  104+1,5" 98+14"
Bapianr1 122418 62+08°

19+0,F 102+1,7 77,6+129° 885+13,6° 244+32° 23+0,1° 022+0,05 7,62+026" 0,025 +0,002°0,092 + 0,001° 0,28 +0,02°
1,0+0,1° 379+3,1° 220,6+30,6" 258,5+35,8° 80,9+ 12,5°6,9+02° 0,56+0,03° 5,81 +0,10° 0,026+ 0,001°0,083 =0,001° 0,31 £0,01°

Bapiarr2 116+ 1,7 37405 06+0,1° 447+58" 236,5+379 2812+38,6" 1347241 8,6+04° 0724008 532+026° 0,029 +0,001°0,062 % 0,002° 048 +0,02°

. b.c
Tpumimru: *>°©

— OJIHAKOBI JIATHHCHKI OYKBU O3HAYAIOTh CTATUCTHYHO HE3HAUYIi po30DKHOCTI cepeaHix y psi 3a kpurepieM Toroki (HSD); NL — kinbkicts

JMCTKIB, LS — Bucora credia, LIN — nosxuna mixsysnsa, WL — cupa maca iuctkiB, WR — cupa maca xopens, WS — cupa maca HajzemHoI yactiunu, WP —
3aralbHa CHpa Maca POCIHH, A — IUIOIIA JIICTKOBOI moBepxHi, ALI — moma ogHoro mictka, LSR — BinHOmeHHs 6ioMach Hag3eMHOI 9acTHHH 10 GioMacu
Kopenst, LAR — BifiHOIIGHHS IUTO0LL JIMCTKIB /10 GioMacu pociuH, LWR — potocunTernuse 3ycumist, SLA — miolia ofHHULI MacH JTHCTKA.

3acrocysannst Jiami JIXb y nepummy Bapianti CK no3sosmino
TTIBUIIIATH IHTEHCHBHICTH CBITJIOBOIO MOTOKY 10 44,0 BT, a Ta-
KOX CKOPHUT'YBaTH CIEKTPaIbHUH CKJIaJ| CBITJIa, SMCHIIMBIIHN Y HBO-
MY YacTKy XBHJIb CHHBOTO Jliara3oHy Ta 30UTBIIMBIIN YaCTKY XBHIIb
YepBOHOTO CHEKTpa TMOPIBHSIHO 3 KoHTposeM. IIpn mpomy dacTka
XBIIb 3e71eHoro criekrpa (500-600 HM) 3aymimiacst Maibke He3MiH-
HOI0. AHati3 TabiTycy Ta pOCTOBHX TPOIIECIB MOKA3aB, IO TaKi CBIT-
JIOBI YMOBH KyJIbTUBYBaHHS CripustTvBiii st G. lutea. Bucora cre-
6em1 0cobuH ycix rociimkennx momyssinii B 1,6 pasa (r. [Toxwkes-
cbKa, I. [lemryn-Ilapmuk) ta 2,1 pasa (y Bumaaky 1. Jlemcbka) 3MeH-
LIy€eThCs TIOPIBHSHO 3 KOHTpoieM (puc. 16). BomHowac momimmry-
FOTBCS TIAPaMETPH, 110 BU3HAYAIOTH TPOXYKTHBHICTH POCIIHH: (piToMa-
ca KOPEHEBOI CHCTEMH Ta HaJ3eMHOI YaCTHHH, IUIOLIA JIMCTKOBOI 110~
BEPXHI Ta BIIHOCHOI IUIONI], IO MPHIIAJIa€ Ha OAUH JCcTOK. Cifg 3a-

3HAYMTH, 1110 BUOIPKa POCIIMH yCiX momyisiiiit nepioro Bapianta CK
32 MOKa3HUKaMH 3arajibHOi CUPOi Macu Ta MacH HAI3€MHOI YaCTHHU
CTaTUCTHYHO JOCTOBIPHO HE BIIPI3HAETHCS Bin apyroro Bapianta CK.
Leii cBITJIOBHI PEXKMM CTHMYJIIOE YTBOPEHHS OUTBIIOI KUTBKOCTI
JIMCTKIB Y PO3paxyHKy Ha OJHY POCIMHY Ta aKTHBY€ PO3BUTOK IIa-
3ymHuX MeprcTeM. OfHaK 3a pe3yJIbTaTaMy aHaJli3y JaHUX aloMeT-
PUYHUX MapameTpiB epeKTHBHICTh YTBOPEHHS JIMCTKOBOI IIOBEPXHI 111e
JIOBOJII HU3bKA, IO N03HAYAEThCA HA (POTOCHHTETHMYHOMY 3YCHILIL
pociun (tabm. 1). Kopekuist cBiTs0Boro ()oHy KOHTPOIIO JaMraMu
JIXB Ta ®JI (apyruii BapiaHT), sIK i y BUNAAKY MEPIIOro BapiaHTa
CK, mo3Bommia maBuIuTy ocBiTiIeHicTs 10 3 000 1K, 3Ha4HO 301Ib-
LITATH {HTEHCHBHICTB CBITIOBOTO TOTOKY (1354 Br/M?) Ta orTrmMisy-
BaTy CIICKTPAIbHUI CKIajl. 3MeHImacs B 1,4 pasa yacTka XBUIb CHHBO-
r0 Ta B 1,3 pasa — 3eeHOro Aianas3oHiB, a YepBOHOTO — 30UIBIIMIIACS Y
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2,5 pa3a. AHami3 MOPQOMETPUYHHX 1 AIOMETPUYHMX TMTOKA3HHKIB
Tokasa, 0 y G. lutea B ymoBax apyroro Bapianta CK HopiBHSHO 3
KOHTpOJIEM OUIbILIe HK YTPUUi CKOPOYYETHCS IOBKHHA MDKBY3IIiB; B
1,6-1,7 pa3a 3pocTatoTh BEMUYMHU (POTOCUHTETUYHOIO 3YCHILL, Y
5,5-9.9 paza 30utBIIy€eTHCS Maca JUCTKIB, y 3,3-3,8 pa3a — 3araibpHa
IUIOIIA JINCTKOBOI MOBEPXHI (pHcC. 1@). 3HaUHO Kpalle po3BUBAETHCS
KOPEHEBa CHCTEMA, TIPO IO CBiTYaTh MTOKA3HUKH BiTHOIICHHS OioMa-
CcH raroHa Jio 6iomacu kopeHeBoi cucremu (LSR).

Cepen 6arathoxX (HhakTOpiB, IO BIUIMBAKOTH HA IHTCHCHBHICTB
(oTocuHTE3Y, 1, K HACITIZIOK, HA GIOCHHTETHYHI MPOIIECH Ta MPOIYK-
THBHICTb POCIIHH, HAMBAKIIUBIIIA POJTb Y MIMEHTHOI crcTeMu. STk mo-
Ka3yIoTh Hallli TOCITi/DKeHHS], TITMEHTHHIT KOMIUIEKC IUIaCTUI KyJlb-
THBOBAHUX in Vitro pociuH G. lutea TUHAMIYHO pearye Ha 3MiHy pe-
JKAMY OCBITJICHHS (Ta0L. 2).

Taoauus 2

HaifBuiii nokasHukH XJI0podisiiB a, b 1 KAPOTHHOIIB XapaKkTepHi
VTSl POCIIMH KOHTPOJIbHOT Ipymu (Tabi. 2). 3MiHa CHEKTPATBHOrO
CKJIa[y Ta IHTEHCHUBHOCTI OCBITJICHHs y nepiiomy Bapianti CK 3uu-
JKy€ KOHLIeHTparii mirMeHTiB B 1,2—1,5 pasa sik 3a BiJHOLICHHSIM /10
KOHTPOJBHOI TpynH, Tak i y apyromy Bapianti CK. Lle Gimbrmx
3MiH 3a3Ha€ MIrMEHTHUHA KOMIUIEKC POCIMH Jpyroro Bapianta CK:
BMICT XJIOpoiTy @ 1 KapOTHHOINIB Y JAHOMY BHII4JIKy JOCTOBIPHO
3HAUKMMO HE BiIPI3HIETHCS BiJ] KOHTPOJIIO, OTHAK KOHIICHTPALIis XJIO-
podiny b Hipkya. Ile cripuurHse 301IbIICHHS BETMYUHH BiIHOIICHHS
xyopodint a / xyopodin b y oMy Bapianti CK mopiBHIHO 3 KOHTpO-
nem i mepumm Bapiantom CK. BogHouac, 3a Moka3HHKamH BiHO-
IIeHb XJI0podit a / xopodin b Ta xsopodin b / KapOTHHOIAM POCITH-
HE Apyroro Bapianta CK HaiiOuteime HaOmmkeHi o G. lutea 13 ipu-
POIHHX MiCITb POCTY (HEOITyOIIKOBaHI /1aHi).

3MiHa BMICTY Ta CHIBBIJJHOIIEHHS IITMEHTIB y KyJIETUBOBAHUX 7 Vitro pociiH G. lutea 3 pi3HHX OIS
3AJICXKHO BiJl JUKEPeNa CBIT/IA Ta iHTEHCHBHOCTI CBiT/I0BOro noToky (B1/M?) B o6macti ®AP (n =10, x + SD)

Ywoni Chla, mr/100r — Chlb,mr/100r  Carot, /100 Chla/b Chla+b/car Chla/ car Chl b /ear
Jocimay CHPO1 Macu CHPO1 Macu CHPO1 Macu
Pocyvnm 3 1. [TokimkeBcbka
Kowtpoms 109,5 £ 16,8° 29,0+£2.4° 441 +74° 3,78 0,05 3,12+0,14° 249+0,08° 0,65+0,03°
Bapianr 1 80,5+15,0° 21,5+3,0° 324435 3,76+0,14° 3,13+0,14° 248+0,11° 0,66 +0,03°
Bapiant 2 103,7 £ 16,6* 225+3,1° 383+3,1% 4,59+0,08 331£0,13° 2,71£0,13" 0,59 +0,04°
Pocimau 3 11. Jlemcbka
KoHtpors 1025+78" 26,1 +2,0° 36,3+ 24" 387+0,14° 348+0,12° 2,82+0,07° 0,72 £0,02°
Bapianr 86,372 222419 354427 3,90+0,06° 3,06+0,09° 243+£0,07 0,63+0,02°
Bapiant 2 100,8+9,1° 21,0+2,0° 38,1+3,6" 4,80+0,15" 320+0,09° 2,65+0,17° 0,56+ 0,04°
Pocimnu 3 r. Hlenryn-ITasmmx
Kowrpors 11131404 26,76 +3.9° 358+47 418+022° 3,90+0,18° 3,14+0,17a 0,75+ 0,03*
Bapianr 1 740+9,63" 2035+3,5 27,6+3,T 3,72+0,10° 340+0,11° 2,68+09° 0,72+0,03°
BapianT 2 10043 £4.97° 23,66+ 1,0° 368+3.2° 430£021° 341£0,16° 2,77+0,13° 0,65+0.26°

Tpumimru: > — 0J[HAKOBI JTATHHCHKI GYKBH O3HAYAIOTH CTATHCTHYHO HE3HAdyIl PO3GhKHOCTI cepesHix y psyti 3a kputepieM Trioki (HSD); Chl @ — xopo-
¢in a, Chl b — xnopoin b, Carot — kaporunoinu, Chl a / b — BinHOmEeH S x10podiny a 1o xiopodiny b, Chla + b / car — BinHoIeHHs cymu xiopodinis (a + b) 1o
xaporuHoifiB, Chl a / car — BigHOmEHHS X10podity a 10 kaporuHoinis, Chl b /car — BigHOIIEHHS XI0podity b 10 KapOTHHOINIB.

MbxmomnyisiiiiHe BapifOBaHHS NOKA3HUKIB BiTHOIICHHS CyMH (@ + b)
XJI0po(diTiB 10 KAPOTHHOIMIB, a TAKOXK XJIOPOGLTy @ N0 KapOTHHOI-
JIiB, HE JI03BOJISIE YiTKO 3’ICYBATH CTYIIIHb 1X 3QJIKHOCTI BiJ| CBITJIO-
BHX YMOB KyJIbTHBYBaHH:1. [IpoTe, sIK BUAHO 3 TaO/IMLi 2, BIIHOIICH-
Hs YaCTKU XJI0podity b 10 KApOTHHOIIB y MIrMEHTHOMY KOMILIEKCI
POCIMH HaiiBUIIE y KOHTpOM. Y Mipy 3pOCTaHHS iHTEHCHBHOCTI
CBITJIOBOTO TIOTOKY Ta YaCTKH XBWJIb Ed [ianasoHy y CIieKTpi BUIIPO-
MIHIOBaHHSI BITHOCHUI BMICT XJIOpOiTy b y IMCTKaX 3MEHIIYEThCS,
IO CBITMUTH NPO 3MiHY CITIBBIIHOIICHHS MIrMEHT-OUIKOBHX KOM-
TUIEKCIB, SIKa MOYKE BUSIBUTHCH ONTHMAIBHOO, OCKUIBKY HAaOJIMKeHa
JI0 TIpUpOIHOT momyJsaiii. HeoOXifmHO 3a3Ha4MTH, 1110, HA BIIMIHY Bif
POCTOBHX ITapaMeTPiB, CTYIiHb CTATUCTHYHO 3HAYMMOI MDKIPYIIOBOT
JIOCTOBIPHOI Pi3HHULI Y BUMAKY IMIMEHTHOTO CKIIa/y A0 MEHIIHH,
0cOOMBO y BUIAAKy BHOIpOK pociuH i3 T. [lokimkeBcrka i 1. Jlem-
coka. JIng pocin 1. Hlemryn-ITaBnuk CTymiHb CTaTHCTHYHO JOCTO-
BIPHOI PI3HMII BMICTY IIrMEHTIB Ta IX CITIBBI{HOIICHHS KOIMBAETHCS
B Mexax Big P < 0,001 go P <0,05.

Bwict nirMeHTiB y (pOTOCHMHTETHYHOMY amnaparti, pOCTOBI IpoIie-
CH JIETEpMIHYIOTBCSI TEHOTHIIOM POCIMH. € MEBHI MDKIOMYJIILIHHI
BIIMIHHOCTI MTOKA3HMKIB JOCIIDKSHUX TAPAMETPIB SIK y POCIIHH KOH-
TPOJIBHOI Ipymy, Tak i 060x Bapiantie CK (tabm. 1, 2). OqHak BUsB-
JIeHI TeHICHMIl o0 3MiHM TabiTycy, MOPGOMETPHYHUX, AIOMET-
PHUYHEX MTapaMeTpiB Ta MITMEHTHOTO CKIIALY 3aJIeKHO Bif CBITJIOBOTO
PeXUMy KyIbTHBYBAHHS i1 Vitro XapakTepHi IUIS BHOIPOK POCIHMH
YCIX TPBOX IOCIIIKCHHX TOMYIii. MOXKHA HPUITYCTUTH, IO Iie
3arayibHa BupoctenudidHa peakuist G. lutea Ha 3MiHy IHTEHCHBHOCTI
BHUIPOMIHIOBAHHS T HOTO CHIEKTPAIBHOTO CKIIAJLy.

J1nst BCTAHOBJICHHSI KOPEIISILIMHUX 3B’SI3KIB MiXK POCTOBUMH TIPO-
Liecamy, NirMeHTHUM CKi1azioM G. [ufea Ta CBITJIOBUMH PEXUMaMH iX
BUPOILYBaHHsI in1 Vitro 3a 3HAYHOI ucHepcii OTpUMaHIX MOKa3HUKIB
3aCTOCOBAHO METOJ] FOJIOBHUX KOMIIOHEHT. Lle TO3BOJIMIIO 3MEHILH-
TH PO3MIpHICTh OTPHMaHMX HAHUX 1 copMyBaTH iX y criemianbHi
(akTopianbHi KomIuiekcH — rojoHi kommnorentr (PC 1, PC 2), mo
OLTbII iH(OPMATUBHO BiOOPaXKAIOTh XapakTep BIUIMBY CBITIIOBOTO

pexuMy Ha nepedir Mophodi3ioNoriYHIX MPOLECiB y KyJI5THBOBA-
HUX in vitro pocimH G. lutea. Sk BumHO 3 pucyHka 2, 3mindi (Dim 1 1
Dim 2), 1110 KopestoroTh 3 BinoBiaHuMu kommonentamu PC 11 PC 2
BPaxoByIOTb 73,5% nwcrepcii BUMIpIOBAHUX IIOKA3HUKIB Y KOHT-
POJIBHIN IpyHi Ky/IbTHBOBaHUX in vitro G. lutea Ta nBOX BapiaHTax
CK mocnipkernx nomyseiiit. [Tpu somy Dim 1 Braepmye 57,7%, a
Dim2 — 15,8% cymapHoi mucnepcii.

OCHOBHHIT BHECOK Y BU3HAYECHHSI CTaHy KyJIGTHBOBAHHUX POCIIHH
3a Dim 1 faroTh MOKA3HUKH, SIKi XapaKTepU3yIOTh NPHUPICT OiomMacH
Ta 30UIBIICHHS U0 JINCTKOBOI ITOBEPXHI POCIIHH, @ TAKOXK CIIBBiJl-
HOLICHHS MIrMEHTIB y PeaKI[ifiHMX LEeHTpax i CBITIO30MpaIbHUX
KoMIUTekcax (otocucteM. 3minHa Dim 2 00’eqHye mapamerpH, 1o
BiIOOpaXKaroTh 3aIKHICTh KUTHKOCTI JIUCTKIB Ta BMICTY XJI0pO(ity
a, x0potiny b, KApOTHHOIIB BiJ] CBITJIOBUX YMOB KyJIbTHBYBAHHI.

XapakTep po3TalTyBaHHS MapaMeTPiB Y TMPOCTOPI TOJIOBHUX KOM-
TIOHEHT JI03BOJIB BHAIUTUTH TPY I'PYIH MOKA3HUKIB (KJIaCTepiB), IO
JICTEPMIHOBaHI TEBHUM CBITJIOBUM PEXKUMOM 1 BIIIOBINAIOTH KOH-
tpomo (A), nepuoro Bapianta CK (5), npyroro Bapianta CK (B)
(puc. 2). Ilpn 1poMy B MeKax IPyIH ycl mapaMeTpd MK coOOro
KOPEJIOIOTh TIO3UTUBHO; MK JliaMeTPaIbHO MPOTHIIEKHO PO3TAILO-
BaHUMH ITapaMETPaMH CIIOCTEPIraeThCsl HEraTHBHA KOPEJISLIIsL.

Sk BUIHO 3 prcyHKa 2, kiactep A Birodae mapamerpu L, LIN,
LSR, SLA, BigHomenHs xiopodin b / kaporuHoinu. Lle minreepa-
JKy€e TOH (hakT, 0 YMOBU KOHTPOJIFO HAHOUIBIIE BILTHBAIOTH HA 3Mi-
Hy nosxund (L, LIN) ocboBux opranis. ToMy 3 My napaMeTpaMu
TICHO TOB’s13aHKi MOKa3HUK LSR, siknii BM3HAYa€ BiHOIICHHS 0i0-
MacH HaJ13eMHOI YaCTUHH JI0 Oiomack KopeHs. CHIIBHIM CTOXaCTHY-
HHM 3B’513KOM YMOBH KOHTPOJIIO ITOB’s13aHi 3 IIOKa3HIUKaMHU TOBILMHI
nmcTkoBoi miacTuHKY (SLA) Ta BimHOLIEHHM XJI0podity b 1o Ka-
porunoinis (b / car) y cBitnozoupansromy komiuiekei @C I1. TTpuna-
JIeKHICTh TIapaMeTpa BITHOLICHHS XJIOPOQiI b / KapOTHHOIN 10 00-
JIACTi KJacTepa KOHTPONIO JO3BOJIAE YIiTKILIE IHTEpPIPETYBaTH AaHi
Tabmmii 2 Ta MATBEPIMTH CHIIBHIN CTOXACTHYHHH 3B 530K IIi€l Be-
JIMYMHH JIUIIE 3 PEXKIMOM OCBITJICHHS! KOHTPOJTIO.
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3acTOCYBaHHS METOZY TOJIOBHUX KOMIIOHEHT JIO3BOJIUIO Iiji-
TBEPWTH iHIII HAIll TIOHepeIHi BUCHOBKY: 1110 CBITJIOBI YMOBH Iep-
roro Bapianta CK CripusitoTh 30UTbIICHHIO KITBKOCTI JIHCTKIB Y pOC-
JIMH; 110 MK Tpyrioto BemmunH LWR, SLA, BinHowenHs xmopodi a /
xJopodin b Ta pexxumom miepuioro Bapianta CK BincyTHii Kopensi-
wiiiamii 38°s30K. Hesnaune nepexpuBanHs obnacteii kiactepiB b i B
03Havae, 10 Ha MIOKa3HUKK NpoayKTuBHOCTI pocie (WP, WS, WR,
WL, A, ALI) cBiTioBHif pesxuM IEpIIOro BapiaHTa MEHIIE BIUTUBAE,
HDK MU 11¢ TIPHITYCKAIH ITiJT 4ac aHAT3Y YCEPSHCHHX TaHHX Ta0mIli 1.

50-

Dim2 (15 8%)

Dim1 (57.7%)

Puc. 2. 38’513k11 MOPHOMETPUIHIUX, ATTIOMETPHIHHX ITAPAMETPIB
Ta MIrMEHTHOT0 KOMIUIEKCY KyJIBTUBOBAHYX i71 Vitro POCIHH i3
nomysinii (r. [oxmxescbka, T. Hlenryn-TTapiuk, 1. Jlemcbka)
G. lutea 31 CBITJIOBUMH P&KHMaMH iX BUPOLyBaHHS:
A — xourponb; b — nepumii Bapiaut CK; B — npyruii Bapiant CK:
MMO3HAYCHHS — TUB. Ta0II. 1, 2

Ticue e rpymyBanns BemmauH WP, WS, WR, WL, A, ALL
LWR, SLA, xsopodin a / xnopodin b y mexxax obnacTi kiactepa B
BKa3ye SIK Ha MO3UTHMBHY KODEIII0 MDK HAMH, TaK i HA CHJIGHUN
CTOXACTHYHHIT 3B’5130K MK LIMMH [TapaMeTPaMH Ta CBITIIOBUM PEKH-
MOM IIOTO BapiaHTa.

Buie My 3a3Havyany CKJIAJHICTh BUSIBICHHS HA0OpY YMHHFKIB,
IO BIUIMBAIOTh HA IIIFMEHTHY CHUCTEMY IUIACTHJ KyJbTMBOBAHHX
in vitro G. lutea. 3acTocyBaHHS METOY TOJIOBHUX KOMIIOHEHT J03BO-
JIMJIO TOUHIILIE 3’ICYBATH XapaKTep 3aIeKHOCTI MOKA3HHUKIB SIK OJTHO-
TO Bif iHIIOTO, TaK 1 Bil CBITIIOBHX yMOB. OcOOMMBOCTI po3Tary-
BaHHS y JBOBHUMIpHiI IUIOMIMHI BEIMYMH, IO CTOCYIOTBECS BMICTY
TIrMeHTIB (XJI0podity @, b, KapOTHUHOINIB), a TAKOXK BiHOIIEHb CyMU
xytopodiniB (a + b) / kaporuroiniB (a + b / car) i xsopodiny a / xapo-
THHOINIB (@ / car) BKa3ylOTh Ha iCHYBaHHs CJIAOKOTO ITO3UTHUBHOTO
KOPEJISLIMHOTO 3B’513Ky MK HUMIL. BeKTop e TX TKIHHS 0 TPOCK-
wiit ronoHnx KomroHeHT PC 1 1 PC 2 Bu3Hayae cTymiHb KOpesiiii-
HOTO 3B’S13KY 3 PeKHUMaMH OCBITJICHHSI KOHTPOJIBHOI Ta JIOCITIIHHX
rpym pociiH. ToMy po3TallyBaHHS IIOKA3HHUKIB XJIOPOQLTY a 1 Kapo-
THHOIIIB B 00J1aCTi HyJIbOBOI MO3HAYKHU ToN0BHOI KomrioHeHTH PC 1
03HAYaE, 1110 Ha iX BEJIMYMHU MaiKe OJJHAKOBO BIUTHBAIOTH SIK YMOBH
KOHTpOJIO, Tak i jpyroro Bapianta CK. Bommouac BimxmieHHS ix
BektopiB (Chl a, Carot) y ik KOHTPOJIBHOI IPyNH BKa3ye Ha JEIIO
OUTBIITY JIOMIHYFOYY POJIb CaMe IHOTO CBITIIOBOTO PEKHMY. Xapak-
Tep HAIpaBJICHOCT] BEKTOPIB XJIOPOQiNy @ Ta KAPOTUHOIIB BiZTHOCHO
o0JacTi KIacTepa Mepiioro BapiaHTa O3HaYae, 10 MDK HAMH iCHYe
HETaTUBHUI KOPEILLIHHII 3B SI30K.

Bexrop nampasneHocti BemrauaN xiopodin b (Chl b) Takox
BKa3ye Ha 1i OUIBIINI CTOXaCTUUHMIT 3B’SI130K 31 CBITJIOBHM PEXXIMOM

KOHTPOJIBHOI TPYIH, IO 3yMOBJICHO CHelH(IKOI0 POOOTH CBITIO-
36upasnbHoro komruiekcy OC II 3a Takux yMoB. 3aCTOCYBaHHS METO-
[y TOJIOBHUX KOMIIOHEHT ZI03BOJIMJIO BUSBUTH KOPEJIALLiHI 3B’SI3KN 3
PEKMMaMH OCBITJICHHSI BEJIMUMH, L0 XapaKTePU3YIOTh BiTHOIICHHS
SIK CyMH XJIOpO®iTiB (¢ + b) 70 KapoOTHHOIAIB, TaK 1 xJopodiny a 1o
KapOTHHOIIB. SIK BUAHO 3 PUCYHKA 2, HAalpsiM BEKTOPIB LIMX BEIH-
YMH CBITYNTB NPO 1X CHITBHIMINN KOPEIISIIHIIA 3B SI30K 13 KOHTPOJb-
HOIO TPYTIOH0, HiX 13 iociimanmu Bapiantamu CK.

O6rosopenHs

AHaJIi3 OTPUMAHHMX EKCHIEPUMEHTAIBHUX JaHUX JIO3BOJIIE MPH-
IIyCTHTH, 10 IHTEHCHBHICTH POCTOBUX MpoLEeCciB 1 Mopdorenes Kyib-
THBOBAHUX in vitro pocivH G. lutea 3a Pi3HIX YMOB OCBITJICHHS KOH-
TPOJIOKOTHCS CKIIAJHIMH MEXaHi3MaMH, SIKi 3aJIeKaTh HE JIULIE Bill
0COOMBOCTI (DYHKIIOHYBAaHHS (DOTOCHHTETHYHOI cucTeMu. Lle moB’s-
3aHO 3 THM, IO CBITJIO 37IaTHE NEPEKIII0YaTH MEXaHi3MH SHJIOTCHHOT
perymsiii Ta peaisyBaTh BifnoBimHi mporpamu Mopdoreresy. Moro
¢iziosoriune 3HauCHHs ULl POCIMH He OOMEXYeThes Jmie (oTo-
CHHTE30M, a TIOLIMPIOEThCA HA YMCIICHHI CHCTEMH KOHTPONIO 32
poctoM i posBuTtkoM opranismy (Karmachuk et al., 1990; Kaiserli &
Chory, 2016). IIpu poMy IOBEIEHO, IO PICT POCIWH BH3HAYAE OJI-
HOYAacHe IO€IHAHHS TPHOX IapaMeTpiB: SIKOCTI CBITIIA, HOTO iHTEH-
cuBHocTi Ta TpuBaiocTi Aii (Folta & Childers, 2008).

Cy4JacHMMH JOCIIDKEHHSMH JIOBEZICHO, 110 O cucteMu (oTo-
peryssiii MopgoreHe3y BXOISTh PELISITOPU Ta TPAHCIYKTOPH CBIT-
JIOBOTO CHTHANTY: (HITOXPOMH, SIKi TIOMIMHAIOT XBHII E4 1 1anbHB0ro
YEpPBOHOIO Jliara30HiB; KPUIITOXPOMH, (HOTOTOIIHH Ta HEHOTOCHH-
TeTH4Hi KapoTHHH — yabTpadioner (YO A, YO B) ta Ec; cynepxpom
(reoxpom) — obmacts Ec i Ea (Wang & Deng, 2002).

Huni Hemae eMHOTO MOy MO0 MEXaHI3MIB TPACIIALIT CBIT-
JIOBOTO CHrHaiTy B KiiTHHI. OIHAK CXHMIISFOTBCS J0 JTyMKH, LIO T10-
[JIMHEHE CEHCOPHUMH THIIMEHTaMH CBITJIO HE JIUIIIE CIPUYHHIOE CHH-
Te3 MaKpOepriyHUX XIMIYHUX CIOJIYK 4Yepe3 peanizawito (oTocHHTe-
THYHO! (YHKLIT, @ TAKOX YTBOPIOE CHUTHAJI, 30AaTHUI MepeaBaTHCs
[0 KOMITOHEHTaxX IIMTO30JII0 Ta T€HOMY, aKTHBI3YIOYM IMTO30JIbHI
komroHeHTH, excripecito reniB COP, DET, FUS, npoxykru sikux Oe-
PYTb y9acTb y peryJsiiii npoueciB Mopgoreresy (Franklin et al., 2005).
IIpn upoMy BinOyBaeThCsl 3MiHA €HIOTEHHOTO TOPMOHAIBHOTO Oa-
JIAHCY POCIIMHH, SIKHil KOHTPOJIIOE SIK MPOLIECH POCTY Ta PO3BHTKY,
Tak 1 podoty (orocuHTeTHYHOTO araparty. [Ipryckarots, mo ¢oTo-
PeryJsTOpHI CUCTEMH, SIKi BIAIOBIAIOTH 3a (GOTOCHHTE3 1 Mopdore-
He3, MOXKyTh MaTH SIK CIUIbHI (POTOPELICNITOPH, TaK i CrieludiuHi 1t
koxHoi 3 HuX (Lau & Deng, 2010).

CrutaziHicTh B3a€MO/IiT OaraTOpiBHEBUX PEryJSITOPHUX MEXaHi3-
MiB, IIIO IHTETPYIOTH MPOLIECH POCTY Ta (POTOCHHTE3Y HE JO3BOIISIE HA
JaHWIA Yac 3’sICyBaTW BCl KOPEJILiiHI 3B’S3KH MK CTPYKTYpPHO-
(YHKIIOHAIEHUMY XapaKTePHCTHKaMU (POTOCHHTETHYHOTO arapary
Ta npomykTuBHicTio pociuH (Kabashnikova, 2011). Oxxax nprmyc-
KaroTh, 110 MEXaHi3MH, SIKi BiMOBIZIAI0TH 32 PICT POCIIHH, SIBJISHOTH
COOOI0 PEryJISITOPHI CHCTEMH TEPIIIOro MOPSIKY, & MEXaHi3MH, 10
BU3HAYAIOTh CTaH MIrMEHTHOI CHUCTeMH Ta iHTCHCHBHICTH Iepediry
(DOTOCHHTETUYHHX PEaKLili, € PEerysITOPHAME CUCTEMaMH APYToro
nopsiaky (Nemoikyna, 2003; Zavoruev et al., 2011).

3acTocyBaHHSI TAKOTO ITiIXOY JO3BOJISE TOSCHATH ICHYIOUY He-
BI/INIOBIJTHICTh MK BHCOKHM BMICTOM IIIMEHTIB XJIOPODUTY @, XJ10-
podity b i KapOTHHOINIB y (HOTOCHHTETHIHOMY arapari Ta 3arajib-
HOIO HH3BKOIO NPOJYKTUBHICTIO pociiH G. lutea KOHTPOJIBHOI TPYIINL.
3a HU3BbKHX 3HAYEHb IHTEHCHBHOCTI OCBITJICHHS POCIMHY (DaKTHIHO
He 31atHi normuHaty xBuii Eu pianasony (Dong et al., 2014). Huska
PeryasTopHUX (HiTOXPOMIB MOTIMHAE CBITIIO Y OJIMKHBOMY Ta Jajlb-
HBOMY YEPBOHOMY JiaNa30HaxX 1 PeryJroe CHHTE3 BYIJICBOIB Y TPO-
neci (ortocuHTe3sy, TOMy mepedir MopQodi3ionoriyHuX peakiii
MO)KE BHM3HA4aTH HU3bKA IHTEHCHMBHICTH CBITJIIOBOrO HOTOKY Ed i
BUCOKa 4acTka XBWib Ec 1 E3 miamasoHiB (i3 mepeBarorw 3eneHoro
cBimia y ciekrpi JIJI amr).

30UTBIICHHS Y CICKTPi YACTKH CHHBOTO JiAla30Hy 3MiHIOE MeXa-
HI3MH peryisiii (yHKI[IOHyBaHHS TaK 3BaHOI «CHUCTEMH BHCOKOI
eneprii» (Margitay, 2006) Ta Moaudikarii mirMeHTHOro cKiiany ¢o-
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TOCHUHTETHYHOTO araparty. Lle cynpoBODKY€eThCS 3pOCTAHHSIM KOH-
LeHTpartii xjaopodiny @, Xopodity b i KapOTHHOIIIB Y POCIMH KOH-
TPOJTEO, OCKIIBKH Y XJIOPO(DLTY a MOIMHAHHS B CHHBOMY Jliara3oHi B
1,3 paza Ginblite, HDK Y YepBOHOMY, a y XJiopodiny b — yrpuai (Mar-
gitay, 2006). KapotuHoinn Tex MarOTh MakCUMyMH ITIOTTMHAHHS B
Ec mianazoni. 3a HIKYOI IHTEHCHBHOCTI OCBITJICHHSI BOHH BHUKOHY-
FOTh (DYHKIIIO JTONATKOBUX CBITJIO30MPATBHIX IIIMEHTIB 1 X YacTKa
30UIBIIy€eThCsl Y cBiTIo30MpaneHoMy Kommuiekci @C II (Havaux
et al., 2000; Bailey et al., 2004; Syvash et al., 2016). [Ipote edekTrs-
HICTb Nepeziadi eHeprii BiJi KapOTHHOINIB 0 XJIOPO(LIIB 3aIeKUTb K
Bill BHy KapOTHHOIMIB, TaK i BiJl iX MONOXKEHHS Y ()OTOCHHTETUYHO-
My arapaTi Ta He nepesutiye 35-90%, Tozi sk eheKTUBHICTb Hepe-
Jadi eHeprii B aHTEHHMX KOMIUIEKcax xJopodiny craHoButs 100%
(Caffarri et al., 2007).

Taxi 3MiHM CTPYKTYpH y CBiTI030MpasHoMy komiuiekei OC 11
G. lutea KOHTPONBLHOI IPYIIH MaJI 6 KOMIICHCYBATH ISl HUX HECTady
CBITJIA Ta, SIK Pe3yJbTar, MOJIMIINTH NPOXYKTHBHICTB. [IpoTe pisHi
CIIEKTPH CBIT/Ia Ta pi3Ha HOro iHTEHCHUBHICTH MOXKYTb 3iHCHIOBATH
MPOTHIIOKHUI BIUIMB Ha OJMH 1 TOW camuii (i3ionoriyxuii mporec
(Dou et al., 2017). 3a manmmu 6aratbox mociimkens (Vicente & Gar-
cia, 1981; Tanada, 1984; Golovatskaya, 2005; Folta & Maruhnich, 2007),
TpaHCAYKIs CBITIOBUX curHamiB E3 1 Ec miama3oHiB 3MiHCHIOETBCS
He Jmme (POTOCHHTETHYHUMY HirMeHTaMH, (GITOXpOMaMy Ta KpPHII-
TOXPOMaMH, a i T0IATKOBUMH (hOTOPELICITOPAMH, IO MPALIFOIOTH Ha
HIDKYMX a00 BHIIMX €HEPrisiX BUMpOMiHIOBaHHS. Lle akTuBi3ye CiTKy
BTOPHUHHHX [IOCCPCAHUKIB Ta TOPMOHAIBHY CHCTEMY PEryJIsLil
POCIIMHM ¥ MOXKE 3MEHIIMTH KOHLCHTPALHIO €HIONCHHOI iHIOMiN-
orrroBoi kucnotu (IOK) i 30itbumTy BMIiCT Aeskux (GopM BUTbHHX
ridepeniniB (Nemoykina & Karnachuk, 2002). 3rigHo 3 mocmimken-
msmMu Voskresenskaya (1987), Ec cniextp crumyioe OimkoBuid 00-
MiH, a Eq — ByrneBommmit. ToMy cymanist eekTiB BIumBy XBIUL Ec
Ta E3 nianasoHiB y criekTpi KOHTPOMIO, MOBIPHO, 31aTHa 3MIHUTH
niepedir MeTaboNYHUX MPOLECIB Ta IPUPOAHUI TOPMOHAIBHUN Oa-
JIAHC POCIIMH KOHTPOJIBHOI Ipymn G. lutea BCIX JOCIIDKEHUX TIOITY-
i, e 3amyckae cretmdiuni peakuii poromopdorenesy, siki
CIIPUYMHSIOTH CA0KMH PO3BUTOK KOPEHEBOT CUCTEMH, BUTATYBAaHHS
creOen, YTBOPEHHs APIOHMX JIMCTKIB i3 TOHKOIO JIMCTKOBOIO ILIac-
THHKOIO Ta 3araibHy HU3bKY NMPOAYKTUBHICTH G. lutea B KOHTPOJL.
Ioni6ni pesymsratn otpumani Copel & Bugbee (2013) mim wac
BHBYCHHS 3MiH POCTOBHX IapaMeTpiB pociuH Raphanus sativus 3a
BIUTMBY HM3bKOI IHTEHCHBHOCTI CBITJIa 3 BICOKOIO YaCTKOIO XBIWIb Ec
1 E3. SIk Hacmigok, Taki OCOOMHM MArOTh CIIA0OKUM ajanTariiHui 11o-
TeHMiaL. Lle maTBepmKyOTh HaBEICHI HAMH JIaHI I0/I0 TX 3HAYHOT
JIETAJILHOCTI HA TIEPLIOMY Ta APYTOMY POKaxX >KHTTS ITiCIs TepeHe-
CEHHS Y IPUPOTY.

Tomy nmomatkose BuKopucTanHs Jamn JIXB mis kopekuii cBit-
JIOBOTO peXUMY KynbTuBYBaHHA G. lutea (mepmmii Bapiant CK) mo-
3BOJIWJIO TiIBUIIUTH IHTEHCUBHICTB CBITJIOBOTO TIOTOKY, 30LTBIIATH
noriHaHHs otocuHTeTHYHUM arapatoM (otoHniB Ex criekrpa Ta,
TIEBHOIO MipOI0, 302JIaHCOBYBATH PETYIISITOPHI CUCTEMH, 110 KOHTPO-
JIFOKOTH POCTOBI Tporieck Ta potocunte3 G. lutea. lle minTBepmKy-
I0Th PE3YJIBTATH MOPPOMETPHUHOTO aHAJIi3y Ta IMEHTHOTO CKIIaLy
pociun 1poro Bapianta CK. 3HIDKEHHs BMICTY BCIX MIrMEHTIB, 11O-
PIBHSHO 3 KOHTpOJIEM, MMOBIPHO, O3Ha4a€ TepeOyBaHHS POCIUH Y
3a/IOBUTHHIIINX CBITJIOBHX yMOBax. OTHAaK HI3bKE BiAHOIIECHHS XJIO-
podin a / ximopodin b y xJoporuiactax BKasye Ha IIe BITHOCHO BHCO-
Ky KOHIIEHTpaIiio XJIOpohily b y CBITIO3OMPAIEHOMY KOMIDIEKCI
®OC II (Leong & Anderson, 1984; Matsuda et al., 2007).

e o3BOISsIE TIPUITYCTUTH, 11O CBITJIOBI YMOBH IIEPILIOTO BapiaH-
ta CK 11e He MOBHOIO MIpOIO BiIOBINAIOTH (i3i0NOTIYHOMY ONTH-
MyMy CBiT/I03a0e3reueH s, HeoOXiHOMY sl IOBHOLIHHOTO (DYHK-
LiOHYBaHHS (POTOCHHTETHYHOTO amapary pociuH G. lutea. Ha ko-
PHCTh IIHOTO CBiMYaTh HHU3BKI TMMOKA3HUKH PO3BUTKY (POTOCHHTETHY-
HOro amapary (Ta0nm. 2) B 0COOMH Ip0r0 BapiaHta nocminy. [Ipore
TaKi CBITJIOBI YMOBH, TTOPIBHSIHO 3 KOHTPOJIEM Ta APYTMM BapiaHTOM
CK, iHinitoBamm yTBOpeHHs1 y pociuH G. lutea BCIiX IOCIIDKEHUX
TOMYJIAIH OUTBIIOT KUTHKOCTI JIMCTKIB Ta MIKPOKJIOHATBHE PO3MHO-
sennst. [Tomibni pesynpratit otpumami Nemoykyna & Karnachuk
(2002) mig yac Ky/IsTHBYBaHHsI i1 Vitro T JaMIaMu «OiIoro CriekT-

pa» pocnuH BUny Yucca elephantipes R. 3a nepeBaykaHHsl y CIIEKTpi
xBWIb Ec niana3oHy 30UIbIIyeThCs epeKT BIUIMBY €K30I€HHOIO IH-
TOKiHiHY, ZIOZIAHOTO y KMBMJIBHE CEPEOBMIIE [UIS KyJIbTUBYBaHHS
(Nemoykyna & Karnachuk, 2002). IMoBipHO, cyMyBaHHS CIIEKTpiB
JIJ1 1 JIXb naMn mOoCWIUIO [0 BBEACHOTO N0 CKJIALY >KUBHIBHOTO
ceperoBHIIa peryisTopa pocty KiHeTHHy, IO He JIMILIE CIPUSIIO
30UIBIIEHHIO KUTBKOCTI JICTKIB, @ ¥ aKTUBI3yBaJIO PICT Ma3yIIHHUX
mepucteM G. lutea. Taka onTAMI3ALLiS CBITJIOBOTO PEXXUMY JIO3BOJISIE
30UTBIIMTH KOSDIlIEHT MIKPOKIOHAIBHOTO po3MHOXCHHs G. lutea
0e3 101aTKOBOTO 3aCTOCYBaHHsI OUIBIINX KOHIICHTpALIiil eK30reHHNX
PEryJsTOpIiB POCTY, IO 3HAYHO 3/ICIIEBIIIOE MPOLIEC OTPUMAHHS 10~
CaJIKOBOTO MaTepiay.

OnTumizarist CeKTpabHOTO cKiiaay B obmacti @AP mrydroro
CBITJIa 32 PAXyHOK ITiIBUILICHHS YaCTKH XBIIIb E4 miana3ony 30a1as-
COBY€ PETYJIITOPHI CHCTEMH, 11O BiIOBIIAIOTH 32 PICT Ta (POTOCHH-
te3 (Nemoykyna & Karnachuk, 2002). 3a Takux yMOB y pOCIHH He
JIMLIE JOCTATHBO 30UIBLIYETHCS 3arajibHa IUIONA JICTKOBOI MOBEPX-
Hi, a ¥l crocTepiracTbcs MakCHMMaIbHUI (OTOCHHTE3 i3 omuHUL il
noBepxHi. L{e 3yMoBIeHo JieKijIbkoMa PUYMHAMH: YePBOHE CBITJIO Y
miarazoni 600-640 HM Mae HaWBMILMI KBAHTOBUIA BUXi st (ikca-
uii CO,, poronizy Bomu Ta BuniieHHs O,, TOMY MIBUIIY€E e(PEKTHUB-
HicTh pobotH (hotocuHTeTHYHOTO amapary (Hogewoning et al., 2013);
ONTUMI3allisl CIICKTPATBHOTO CKIIaAy Ta IHTCHCHBHOCTI OCBITJICHHS
BpIBHOBXKY€ CITIBBIHOIIECHHS (hITOrOPMOHIB Ta iHTiOITOPIB pocTy,
IO BiJOOPa)KaeThCs HAa 3MiHI LIBHIKOCTI POCTY Ta MPOYKTUBHOCTI
pociia (Lau & Deng, 2010).

L1i BUCHOBKH MiITBEPDKYIOTH 1 pe3yJIbTaTH HAILIKMX SKCIICPHMEH-
TAIBHKX JOCIIDKEHb, OCKUIBKH JI0/IaTKOBE 3aCTOCYBAHHs (iToNaMII
y apyromy BapiaaTi CK, siki y CBOEMY CIIEKTpi MAFOTb BUCOKY YACTKY
XBHJIb YEPBOHOTO Jliaria3oHy, JA03BOJIMIO OTPUMATH MAaKCHMaIbHUH
TIpHpICT cHpoi GioMacH He JIMIIe Ha3eMHOT, a 1 ITi;3¢MHOI JaCTHHH
y pocime G. lutea. 3rigHo 3 mocmipkenmsivu Karnachuk (2002), xo-
PEKLisl «OLI0r0 CIIEKTPay JIAMITAMH «UEPBOHOTO CIIEKTPa» B KYJIBTH-
BOBAHUX 1 Vitro POCIHH 301IbIITy€e KOHIIEHTpaIlito eHnoreHHol [0K,
IO CHIpUsie TX MBUAIIOMY yKopiHeHH!o. JIoOpe ke po3BHHEeHa Kope-
HEBa CHCTEMa O[Ha 3 TOJIOBHUX YMOB (hi3ioJoriyHoi cTabiibHOCTI
POCIIMHHOTO OpraHi3My, OCKUIbKM 3aBISKHM 30UTBLICHHIO IUIOLI
BCMOKTYBaHHSI KOPEHEBOI CHCTEMH TKaHWH 1 OpraHiB POCIMHH Kpa-
e 3a0e3nedyroThesl HeOOXiMHOK KUTBKICTIO Makpo- Ta MiKpoere-
MeHTiB (Bao et al., 2014).

OnruMizariist CBITJIOBHX YMOB KyJBTHBYBAHHS if Vitro POCIHH
G. lutea y npyromy Bapianti CK mosHawmiacs i Ha 3araipHOMy Oa-
Janci ()OTOCHHTETUYHMX IIIMEHTIB, SIKI MICTATHCS B PEAKIIAHMX
LEHTpaxX 1 CBITJIO30MpaTBHUX KOMIUIeKcax (orocucreM. Pociimy,
(otocuHTE3 SIKUX BiIOYBAETHCS B ONTHMAIBHUX YMOBAX, Y IUIACTHIAX
MICTATh 3a3BHYail BHCOKHMI Ty xyopodiny a (Leong & Anderson,
1984; Walters, 2005). Ik mokasaiy Hari JOCTiHKEHHS, BMICT XJIOpO-
¢ity a, a TakoXK KapOTHHOIAIB Yy TWacTunax pocymH G. lutea npyroro
BapianTa CK Brcokwii i TocTOBIpHO 3Ha4MMO (3a BUHSTKOM T. Ilentyr-
TTapmik) He Binpi3HSETHCS Bl KOHTpOIO. [IpoTe 3HIKEHHS KOHIICH-
Tpawii xy0podity b y CBITIO30MpATBHAX KOMIUIEKCAaX BKa3ye Ha Iie-
peOyBaHHs POCIHH y KOM(OPTHHX ILOIO CBIT/I03a0€3MeUeHHs yMOBAX.
Brcokuii BMICT KapOTHHOINIB y JaHOMy BHIIQIKy 3yMOBJICHHH iX
(horozaxucHoro QyHkuiero (Bailey et al., 2004; Lichtenthaler et al.,
2007). MoxHa TpHITyCTHTH, [0 BHCOKI KOHIIGHTpALii MIMEHTIB y
(hOTOCHHTETHYHOMY amapari KyJIsTHBOBAHHX in vitro pociiH G. lutea
npyroro Bapianta CK 3a6e3mneuars He JvIe OUIBITY iX IUTaCTHYHICT,
a ¥ IBHAIIMIA Mepexi BiJ reTepoTpodHOro 10 aBTOTPO(HOrO HKHB-
JIeHHS Ta Kpallly 3[aTHICTh OCOOMH aJIalTyBaTHCS 10 HECTEPHIBHIX
YMOB ex Vifro Ta in situ.

3oHimHii Bursin pocimH G. lutea npyroro Bapianta CK Haii-
OlnbIIe BiATIOBiAA€ TabiTyCy IHTAKTHUX OCOOWH IIBOTO BHIY. 3HAYHO
BKOpOYEHI MDKBY3IS YCKIIAIHIOIOT TIPOLIEYPY JKUBLIFOBAHHS POCIHH
in vitro. ToMy JIOLIIBHO BUKOPUCTOBYBATH CBITJIOBHI PEXXHM JPYTOro
BapiaHTa JIOCIiy JIMIIC Ha 3aKJIFOYHHX eTarax IiArOTOBKH MOCAIKO-
Boro Matepiany G. lutea 10 TIepeHECEHHS B yMOBH ex Vilro Ta in situ.

Ha ocHOBI y3araibHEHHsI eKCIIEPUMEHTATIBHHX JAHUX MOYKHA 3a-
MPOIOHYBATH CXEMY ONTHMI3ALil CBITIIOBOrO P&KUMY BHPOILLYBaHHS
in vitro mocaakoBoro Marepiany G. lutea, sika nepeadadae IBOCTAIHE
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KYJIETUBYBaHHS: 1) MIKPOKJIOHAJIbBHE PO3MHOKEHHS Ta PICT POCIHH
in vitro 3a cBiTIOBUX yMOB mepioro Bapianta CK; 2) BKOpiHEHHS
OTPHUMAHKMX TArOHIB 32 PSKUMY OCBIiTIIeHHs Apyroro Bapianta CK.

BucHoBkn

Mopcorenes i 6i0NPOTYKTUBHICTH KyJIbTHBOBaHHX ifl Vitro poc-
mvH G. lutea He NWIIE 3aJ1CKATh Bil BMICTY IITMEHTIB Ta iX CIIBBif-
HOLIGHHS B PEaKLi{HUX IIEHTpax i CBITJIO30MPAJIEHIX KOMILIEKCAX
(oTocucTeM, a it perysOrTECS CKIATHIIIAMEI MEXaHi3MaMH, 3/1aTHH-
MM 3MIHIOBaTH SHIOreHHHH (iTOrOpMOHANBHMI OaaHc i mepedir
MeTaboMiuHiX peakiiil. POTOCHHTETHYHMI anapar KyJbTHBOBAaHHMX
in vitro pociuH G. lutea 3a 3MiHU CTIEKTPAIBHOTO CKJIady CBITJIA Ta
HOro iHTEHCHUBHOCTI ypoaoBkK 90 1i0 31aTHHMIA TOBHICTIO TIepedyay-
BATHCS Ta 3MIHUTH KUIGKICHE CITIBBIHOIIEHHS IIITMEHTIB, 1110 IT03Ha-
YaeThCS Ha IHTCHCHBHOCTI HOTO (DYHKIIIOHYBaHHSL.

OtpuMaHi pe3yJbTaTH TOKA3aTH HEIOIUIBHICTh KyJIbTHBYBaHHS
pociue G. lutea mix nammamu JIJI, OCKiNBKA Taki CBITJIOBI YMOBH
3arycKaroTh cremudiuni peaxuii Goromopdorenesy, sKi BUKIMKa-
J0Th CJIa0KUii PO3BUTOK KOPEHEBOI CHUCTEMH, BUTSIYBaHHS CTEOE,
YTBOPEHHSI JPIOHMX JIUCTKIB 13 TOHKOIO JIICTKOBOIO IUIACTHHKOIO Ta
3arajbHOI HU3bKOI IPOYKTHBHOCTI POCIHH.

BusiBiieHO e)eKTHBHICTD BIUIMBY KOPEKIiT CIIEKTPaIBHOTO CKIIa-
Iy Ta iHTeHCUBHOCTI ocBiTieHHs Jiamrt J1/1 mammamu JIXB Ha niporie-
CH POCTY Ta PO3BUTKY in vitro pociuH G. lutea. 3poOneHo npurry-
1ieHHs, o cyMyBanHs crektpi JIJI 1 JIXb nocwmio nito ex3oreH-
Horo KiH, yBeneHOro 0 ckiajy KMBHWIbHOTO cepenouina. Lle, y
CBOIO Yepry, CIPHYMHIIIO iHILIFOBAHHS POCTY MA3yLIHUX MEPHCTEM.
Tomy KymnsTHBYBaHHS inn vitro pocivH G. lutea B TaKMX CBITJIOBHX
YMOBAaX He JIMIIE MOJIMIIye iX OiOmpOAyKTUBHICT TIOPIBHSHO i3 3a-
CTOCYBAHHSIM JIMIIIE JIAMITH JICHHOTO CBIT/Ia (KOHTPOJIB), a ¥ JO3BOJIIE
30UTBIIATH KOe(DILIEHT MIKPOKJIOHATTLHOTO PO3MHOKEHHS 0€3 10/1aT-
KOBOTO BHKODHCTAaHHSI €K30T€HHHX PEryJsiTopiB pocTy (Gitoropmo-
HIB, 1110 3HAYHO 3/ICIIEBIIIOE MPOLIEC OTPUMAHHS TT0CAIKOBOTO MaTe-
piaiy. Tlokasano eexTHBHICTb 3acToCyBaHHs KoMOiHari1 gami JIJI,
JIXB i ditonamn y cmiBBigHomrenni 0,6 : 1 : 1, BianosigHo, mis
KOpEKIIil CBITJIOBOTO PEKHMMY BHpOLIyBaHHS pociuH G. lufea Ha
3aKJTIFOYHHX €Tarnax MiATOTOBKH X MOCaJKOBOrO MaTepially 0 mepe-
HECEHHS B YMOBH ex Vitro Ta in situ. Llle TIoB’s3aHO 3 TUM, IO TiABH-
IIICHHS YacTKU XBWIb Ed fiara3ony 30U1bIIye e(heKTHBHICTS ITOBEPX-
Hi JINCTKIB, BMICTY ()OTOCHHTETUYHHX ITIIrMEHTIB, HalOUTBIIOro MpH-
pOCTy Haj3eMHOI Ta mi3eMHoi YacTuH. [Ipumyckaemo, 1o e 3a6e3-
HEYNTh IIBUALIMI Nepexil Ky/IbTHBOBAHUX in vitro pociuH G. lutea
BiI reTepoTpoHOro 10 aBTOTPODHOIO JKMBJICHHS, MMOCHINTH iX
aJanTaliiHu1il MOTeHLIal 1 T03BOJIMTS JIETILe MPUCTOCYBATUCS [0 He-
CTEPWIBHUX YMOB ex Vifro Ta in situ.

BusiBrieni tenneHuii miono 3MiHu rabitycy, MOp(HOMETPHIHHX,
QJIOMETPUYHUX [apaMeTpiB Ta IIMEHTHOTO CKJIaay 3aJIOKHO Bil
CBITJIOBOIO P&KUMY KYJIBTUBYBAHHS i1 Vitro XapaKTepHi s BUOIpOK
POCIIMH YCIX TPhOX JOCHI/PKEHHX MOIyIsiii. BpaxoBytoun mi maHi
Ta Pe3yJIETaTH METOy T'OJIOBHMX KOMIIOHEHT, MO>KHA TIPHUITYCTHTH,
110 1ie 3arajbHa Bumocnenmdiuna peaxuis G. lufea Ha 3MiHy iHTEH-
CHBHOCTI BUIIPOMIHIOBaHHSI Ta HOTO CIIEKTPAIILHOTO CKIIaTy.

3acTocyBaHHS AMCIIEPCIHHOIO aHAMi3y Ta METOIY TOJIOBHIX KOM-
TIOHEHT JI03BONIUIO TOYHIIIIE THTEPIPETYBATH PE3YIIBTATH JOCIiDKEH-
Hs1. Ha 0CHOBI OTpHMaHIIX pe3y/IbTaTiB po3po0IIeHo CXeMy ONTHMI3Ai
CBITJIOBOT'O PEXXUMY BHPOIITYBaHH 11 vitro pocimH G. lutea 1yist TiaBH-
ILIeHHS X aJanTarjiifHoro NOTeHIIiaTy Ta peali3yBaTd 3aBIAHHS Iep-
LI0r0 eTarty 0araTocTyIiHYaCToi TEXHOOTI cTabui3awii / peiHTpOIyK-
LI MOMyJIAALL [HOTO BHTy Ha TepuTopil YkpaiHchkux Kaprar.
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JIOCITiZKEHO MOMEKYIBIPH Ta METaGOMIUHI MEXaHi3MHU perylIboBaHOro GiocuuTesy nininis y Chlorella vulgaris 3a aii Hatpiit ceneriry (10 Mr/mv’)
OKpEMO Ta CIIimbHO 3 Zn°" (5 Mr/mv’) i Cr'* (5,0 mr/mv’) yripoziossk 7 1i6 ix i 3 METOI0 OTpHMaHHs! GIOTEXHONOIYHO KOPHCHHX JHITITHHX TPOIYKTIB,
30aradeHrX MIiKpOEIEeMEHTaMH, B YMOBAX aKBAaKy/IbTypH. JOCHiNM BHUKOHYBAIX 3TiHO i3 3arajbHONPHIHATAMY TiIPOJNOTIYHAMH Ta OiOXiMIYHIMU
MeToauKaMy. BHeceHi B cepefjoBuIlie MiKpOETEMEHTH 3YMOBIIIOIOTH 30UIBIIEHHS 3araibHOIO BMicTy Jimigi (y Mexax 10%). Ilepeposnoain xiacis
JIMIAIB y KIITHHAX XJIOPENH BiOYBA€ThCs 3a il HATPIikO CeJeHITY Ha KOpUCTh (hocomimmiiB 3a paxyHOK 3MEHILICHHS YaCTKH JNALITITILEPOIIB, TO/ SIK
KUTBKOCTI TPUAIWIITIIEPOIIB 1 HeeTepr(ikoBaHUX KUPHHUX KUCIOT MPaKTHYHO HE 3MIHIOIOTHCS. 3a Jii HATpilo CeNEHITy Ta iOHIB IMHKY 3pOCTae
BITHOCHHI1 BMICT JIialiUIIITILEPOTiB, HeeTepr(iKOBAHUX SKMPHHUX KHCIIOT 1 (hocdoIimiziB 3a HE3HAYHOTO 3HIKEHHS YaCTKU TpHALIrIineposiB. CrijibHa
Jlisl HATPIIO CEJICHITY Ta I0HIB XpOMY 3YMOBIIFOE CYTTEBE 3POCTaHHS BiIHOCHOTO BMICTY TPHALWIIIILIEPONIB Ta YaCTKOBO HeeTepH()IKOBAHMX YKUPHHX
KHCIIOT 33 3HIKCHHS YaCTKH y KIITHHAX BOJIOPOCTI Miaumrstineporis i ocdosirizin. Brmouernst *C-GikapGomary y ByrieBosm, NpoTeiHy Ta Jirmim
Ch. vulgaris cyTTeBO BiIpI3HAETHCA SK Y KOHTPOII, TaK 1 3 JIil OCII/DKEHIX YHHHYKIB, OHAK 30epiracThes MepeBaXKaH s BKTFOUCHHS Yy MM y 2-3 pasu
BITHOCHO iHTEHCHBHOCTI BKJIIOYEHHSI MITKU y BYTJIEBOIM Ta Y 9—12 pa3iB — y npoTeiHn. 3pocTaHHs IHTEHCUBHOCTI BKITFOUEHHST MiY€HOT0o OikapOoHaTy y
BYIVICBO/IM MA€ MICLIE TUIbKH 32 CITUIBHOI il HATPIIO CENCHITY Ta IOHIB LIMHKY, Y MPOTETHM Ta JIIMi| — B YCIX BUIAJIKaX MIKPOEIEMEHTHOI [Iii Ha KITITHHH
BOJIOPOCTi. 3arayibHOKO TEH/CHIIIEI0 BHSABIIOCS 3HIDKCHHS BKJTIOYEHHs OikapOoHary no TpuarwirmiueporiB Ch. vulgaris Ta #Oro 3poctaHHs y
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(ocdoninizax i HeeTeprpIKOBAaHMX KUPHUX KUCIIOTaX, OKPIM iOHIB XpOMY, SIKi MOJM(IKYBaIM BKIIOUCHHS MITKH JI0 AIalWIIIVIIEPONIB, IO MOXe
BUSIBUTHCS HACITIZIKOM CIIEIM(IYHOI TOKCUKOICHHOCTI 10HIB MeTaIiB. AKTHBALisl JIIOreHe3y 3a il CHONYK CeNIeHy, LIMHKY Ta XpOMy ITiITBEpIMIacs
31€OUTBIIOT0 3POCTAHHSM IHTEHCUBHOCTI BKITFOUCHHS 14C—oneaTy B Pi3HI KJIacW JiMiIiB KIITHH XJIOPEIH Ta MiABHMIICHHS aKTHBHOCTI TITIEpOI-3-
(ocoaramrpanchepazu. CripsiMyBaHHS Ta peryJisiLis JiimiaqHoro Meradonismy y Ch. vulgaris y HanpsiMKy 30UTBIICHHS KUTBKOCTI Ta HAKOITMYCHHS
JITIB Ta X OKpEMHX KIIaciB 3a JIOTIOMOIOI0 HATpIii CeeHiTy CHimbHo 3 Zn’ Ta Cr'' i3 METOK YTBOPCHHS CE/HMETAITITHIX KOMITIEKCIB MOKHA
BHKOPHCTATH JUTS OJICPKaHHS JIIITTHIX G10JI0rYHO aKTHBHUX HperaparTiB, 30aradueHuX eCeHIIHHIMI MiKpOeIeMEHTaMIL

Knrouosi cnoea: MiKpoBOZOPOCTi; MIKPOHYTPIEHTH; JIIMTITHAA METa00Ti3M; )KUPHI KHCIIOTH

Beryn

ITpupoHi GioorivHO aKTHBHI CMOMYKH, OTpHMaHi 3 Oiomacu Bo-
JIOPOCTEH, BUCTYNAIOTh IBTCPHATHBOIO CHHTETHYHMM KOMITOHCHTAM
a00 aHaloramyl iHIIMX, i3 BUIIOIO COOIBApTICTIO BUPOOHMIITBA, MPH-
POIHHX KOMITOHEHTIB. BomopocTeBi cyOcTaHIii HIHI MatOTh HaJ3BH-
YaifHO IMPOKE T0JIE J0 3aCTOCYBAHHS — MEMIIMHA Ta (hapmartist (Abd
& El-Baroty, 2013; Agatonovic-Kustrin & Morton, 2013), miabetoro-
Tist, Xap4oBa MPOMHUCIIOBICTS 1 Citbebke rocronapctso (Odjadjare et al.,
2017), Giorexuororist Ta Gioeneprerrka (Khan et al., 2009; Park et al.,
2011), dpitopememiaryist (Perales et al., 2006; Shalaby, 2011) Toruo. Bpa-
XOBYIOUHM BEJIMKE BHIOBE PI3HOMAHITTS HATOJIOCHMO, IO BOIOPOCTI
MICTSATh 3Ha4Hy KUIBKICTH TPYIl aKTHBHHX OpPTaHIYHMX KOMIIOHEHTIB,
pi3HOI XimMiuHOi OyjoBH Ta BiactuBocTed. Cepex HHIX TOJTCaXapHIi
(arrinary, Qykoinan, JamiHapuH, arap, MaHaH Tomo) (Kim, 2013;
Park, 2015), nirmenTy (xJ10podinm, (GikoOLIIHA, KAPOTUHOIIH, JIOTEH
toio) (El Gamal, 2010; Michalak & Chojnacka, 2015), sirimu (Hacu-
YeHi XKUPHi KUCJIOTH Ta LiiHHI NOTiHEHACHIeH] XMPHI KUCTIOTH (Caos, 3,
Cx6,13> Cis3,n6) (Chen & Chou, 2002; Haq et al., 2011), Geraibn, mo-
maminy, crepund, ¢itoropmonn (Lu & Xu, 2015), nenruam Ta npo-
Teinn, nomideHomn Ta ix noximai (Hamedy & Fitzgerald, 2011), a
TaKo OCHOBHI Bitaminy Ta minepam (Croft et al., 2006; Tang & Suter,
2011). Ilomo TBapyH 1 JIEOMHH, TO YISt O6araThoX X CHONYK BIACTH-
BUIl IMPOKWMHA CIEKTp MOTEHIIHHMX JIKYBIBHO-IPO(UIAKTHIHAH
BiactuBocTel: antnokcumanTHi (Fernando et al., 2016; Lukashiv et al.,
2016), MpOTHPaKOBi, AHTUBIPYCHI, AHTHKOATYJISIHTHI, aHTHOAKTEPialh-
Hi (Bellou et al., 2014), anTnanepriusi, aHTHIia0CTAHI, IPOTH3AIIATb-
Hi Ta anTurineprensuBHi BiactuBocti (Lee & Kim, 2009; Ryu et al.,
2014; Kim et al., 2016).

V¥ crarti Michalak et al. (2017), sika TpyHTY€eTBCS Ha ACTATEHOMY
aHamizi 6a3u narnx Web of Science, mokasaHo, o HalOUTBITy HAyKO-
BY yBary 3 0i0JIOTYHO aKTHBHUX CIIOTYK BOAOPOCTEH OTPHMAIIH JIIITi/H
Ta JKUPHI KICJIOTH, a BiTAK BOHH CTAA OJHAMH 3 HAOUTBII 3aTpeOy-
BAHHX /U1 IPAKTHYHOTO BUKOPUCTAHHS BOZIOPOCTEBHX CyOCTAHIIiH.

3aB/IsKM CBOIM BHCOKMM a/ICOPOLIIMHIM BIIACTHBOCTSIM, BOJIO-
POCTi 31aTHI MOIJIMHATHY Ta aKyMYJIIOBATH METaIU Ta HEMETAIH TIpo-
TH TPajlieHTa KOHLCHTPALlii, 3aBIIKH YOMY MIKpPOEJIEMEHTH HAKOIIH-
YyIOTBCS KIITHHAMHA T4 BKITIOYAIOTHCS /10 CKJIaly OpraHiYHIX MOJie-
KYJl y KUIBKOCTSIX, LIO B Pa3H MEPEBUIIYIOTH X BMICT y CEPEIOBHILI
icHyBanHs (Raja et al., 2008; Richmond & Hu, 2013).

CyuacHi yMOBH HTTsI (HECTIPHSTIINBA CKOJIOTTYHA CHTYALlisl, He-
AJICKBATHE Xap4yBaHHS, TMCHXOSMOIIIHI CTPECH, IIKIJTMBI 3BUYUKH
TOIII0) 3yMOBIIOIOTh YUMAIIHIT [IEPENiK XPOHIYHHX 3aXBOPIOBaHb, JIE
Ha TepIIe MICLe BUXOMITh MOPYIICHHS MeTaboi3My, CIPHYMHEH]
IHTEHCHBHMM yTBOPEHHSAM BUTBHHX PAAMKAIIB Ta ITiIBUILCHHIM TIe-
POKcHIHUX TporeciB. TOMy aKTyalbHHM 1 MEPCTIIEKTHBHAM CIIOCO-
©OO0M JTiKyBaHHS Ta MPO(LUIAKTHKY ITOPYIIEHb 0OMIHY PEIOBHH MOXKE
BUSIBUITHCST BUKOPHCTAHHS HATyPATBHHX Ol0JIOTYHO aKTHBHUX J100a-
Bok (BAJT) i3 Bozopocteii, B SIKMX MiHepalbHi PEUOBUHH IIPHPOIHO-
TO TOXO/DKEHHs IepeOyBaloTh y 3B’s13aHiil GopMi y HpHUPOIHOMY
KOMIUIEKCI 3 jtimigamu. 3 orysity Ha Iie, 3Ha4HHil iHTepec CTaHOBIIATh
BOJIOPOCTEBI KOMIUIEKCH CelieHy Ta Oi0JIOriyHO aKTUBHUX METAJIB —
LIMHKY Ta XPOMY.

CeneH — BaXIMBUI MIKPOEIEMEHT IS JKUTTEAISUIBHOCTI Opra-
Hi3My, 060 Oepe y4acTb y KIITHHHOMY 3aXHCTi BiJi BUIbHOpaIHKaIb-
HHUX peakliid, He3aMiHHHI KOMIIOHEHT [JTyTaTiOHOBOI CHCTEMH, TOMY
KOPHICHHI IS 3aro0iraHHs 3HAYHOI KUTBKOCTI 3aXBOPIOBAHb Ta iX JIi-
xyBanns (Kohrle et al., 2000; Wrobel et al., 2016). Xpom (III) mosnin-
1lye MeTaboJIi3M KUBUX OPraHi3MiB, aJDKE BIH PEryJIIOE BYIJICBO-
HUi, mporeiHoBuii Ta mimigaui obmin (Vincent, 2013; Brownley
etal., 2015; Ganguly et al., 2016). locmipKeHHs HOKa3ajy, [0 XPOM

HEOOXiTHMIA U JIIKYBAaHHS IHCYJIIHOPE3UCTEHTHOCTI Ta IyKPOBOTO
niabery B Joei, 60 Bimirpae BaIMBY poiib Y MiATPHMAHHI HOP-
MaJIbHOT'O PiBHSI IVTFOKO3H y KpoBi (Jain et al., 2007; Hua et al., 2012),
a TaKOXX 3yMOBJIIOE 3HIKEHHSI PIBHS XOJIECTEPOITY Ta TPHALMIIIIIIIe-
pOJIiB y IUIa3Mi, PUTHIYCHHS CEKpewil 3almalpbHUX IUTOKIHIB, a B
KOMIUIEKC] 13 CelIeHOM — iHriOye pO3BHTOK OKCHIATHBHOTO CTpECy
(Jain et al., 2007; Ganguly et al., 2016). Lluxk — ofuH i3 HalfroIOBHI-
X MIKPOENEMEHTIB YCIX JKMBUX OpraHi3MiB, 00 HEOOXiTHMI KOM-
nioHeHT noHa| 300 eH3UMiB, SIKi KOHTPOJTIOFOTH 1 PETYJIIOFOTH IPOTEi-
HOBWHH, JIMiIHHH, BYIJICBOJHHIT 1 HYK/ICTHOBHII MeTa0OIIi3M, TpaHC-
KpHIIL[IO TeHIB 1 TpaHCismilo renetnyHol iHdopmanii (Metzler,
2003). Bin 3a0e3neuye HOpMabHE (yHKIIOHYBaHHS PETIPOIYKTHB-
HOI CHCTEMH Ta perapaTHBHi MporiecH, Oepe Oe3rnocepeiHIo y4acTh B
IMYHHHX peakIisix opraHiaMy. Takoxk IFHK — BayIMBUIA Ol0reHHMI
€JIEMEHT, 1110 aKTUBY€E CHEPTeTHYHHIT METa0OIIi3M 1 CIIPSIMOBYE OKHC-
HO-BIJTHOBHI TpOIleCH y KIITHHAaX y OiK BIJHOBHHX peakuid. Bin
HeOOXiTHUI JUII CHHTE3y Ta yTBOPESHHS TOPMOHIB (BKJIFOUHO 1HCYIII-
Hy), IMXaIbHHUX CH3UMIB (LIMTOXPOMOKCH/A31), IMTOXPOMIB a Ta b i
xJ10podiny, a Biarak 3abesnedye (yHKIIOHYBaHHS KIIITHH Y CTPECO-
BHUX CTaHAaX 1 afaNTalifHuX Mporecax, sKi HOTpeOyIOTh ITiIBUILICHHS
eneproytBopeHHs (Metzler, 2003; Kostiuk & Grubinko, 2012; Max-
field et al., 2018).

CydacHe xapdyBaHHS He 3a0e3ledye MOBHOIIHHOTO Ta KOM-
IUICKCHOTO HAJIXOIDKEHHs 0ararboX MIKpPOEIEMEHTIB, TOMY CIIOKH-
BaHHs 0i07100aBOK MOYE TIOKPUTH HOTPEOH JIOIMHU B HEOOXiTHUX
crnonykax (Abd & El-Baroty, 2013). Illogo xpoM-, IIMHK- 1 CEJeH-
YMICHHX TIperiapaTiB, TO YMMAJIO TEMepillHiX H00aBOK — CHHTETHYHI
QHAJIOTH BITaMiHIB Ta MiHEpPaJIbHUX PEUOBHH, BOHH HE IOB’sI3aHi y
0IONOTIYHI KOMIUIEKCH Ta MOXYTh MaTH IHIIY CTPYKTypy, HDK
HATypaJlIbHI HYTPIEHTH, @ TAKO)XK BOHH YacTO TPOSBISIOTH HHU3BKY
eexTuBHICTS 1 MoGI4HI ii. ToMy edekTMBHIMI SIK Keperta celeHy
Ta IHIIMX MIKPOEJIEMEHTIB 3apeKOMEHIyBaIH ce0e MpernapaTy 3 XJIo-
pemu Ch. vulgaris (Lukashiv et al., 2016), sika cTae mxepenoM 6ioso-
TYHO JOCTYIIHHX MIKpPOEJIEMEHTIB, BITaMiHIB, )XUPHHUX KHUCIIOT, Jilli-
B, xy10podhiny, amirokucsnot Torto (Skrivan et al., 2010; Kim, 2013).

Xoperna — ofiHa 3 HAUMEePCIEKTHBHILINX MIKPOBOIOPOCTEH, SIKY
MAacoBO KyJIBTUBYIOTb JUIsl POMHUCIIOBOTO BUPOOHHIITBA HYTPHIICB-
THKIB y (opmi TabneTok abo mopomiky. I[lepeBara BUKOpHCTaHHS
MIKpOBOJIOPOCTEH VI CHHTE3y OI0aKTHBHUX MOJIEKYIL, y TOMY, IO
X MOXKHA BUPOIIYBaTH Ha BEJIMKOMAcCIITaOHOMY BHPOOHHMIITBI 3 pe-
IyJIbOBaHMMH (i3HKO-XIMIYHUMH TapameTpaMu. ToMy onTuMaibHe
CIIBBITHOIICHHST MIKPOEJIEMCHTIB, SIKi BHOCSATBCS Y CCPEIOBHIIC
KyJIbTUBYBAHHS, HAIepe] MOXKE BH3HAYaTH CIPSIMyBaHHS 0ioXi-
MIYHHX PeaKiiii i mepeOyIoBy sIK 3araIbHOr0 MeTaboIIi3My, TaK i Jii-
TITHOTO, IO Ja€ 3MOTy e(peKTHBHO Ta Oe3MeYHO BKITIOYATH METAITH
Ta HEMETAJH Y JHITIM 3 METOI0 OTPUMAHHS O10TEXHONOTIYHO KOPHUC-
HHX MPOJIYKTIB B YMOBAX aKBaKyJIbTypH.

Mera 1150T0 JOCIIDKEHHS — 3’CyBaTH MOJIEKYJIIPHI Ta MeTabo-
JIYHI MeXaHi3MH peryiboBaHoro Giocuntesy niniaiB y Chlorella vul-
garis, JMiTHAR CKJIA] BOJOPOCTEH, IHTCHCHBHICTh BKJTFOUCHHS He.
GikapGoHaTy B opramiumi crionyku Ta '“C-omeary B mimimi pisHHX
KITaciB 3a gii Hatpiit cenenity (10,0 Mr/IM’) OKpEMO Ta CIUTBHO 3
Zn* (5,0 mr/am’) 13 Cr** (5,0 Mr/mv’) ynpomossk 7 1i6 i .

Marepiau i MeToau 10CTiTKeHb

OO0’€eKT OCIIIHKEHHS — AJIbIOJIONIYHO YHCTa KyJBTypa 3eIeHOL
Bozopocti Chlorella vulgaris Beij. CCAP-211/118, orpumMana i3 ko-
nexuiit [ncturyty rigpo6ionorii HAH Vkpainu. Bomopocts KynbsTi-
ByBayM Ha cepenosuini Ditiypkepanbaa B Momudikarii L{eHnepa ta
T'opxema Ne 11, 3a Temneparypu 22-25 °C Ta OCBITJICHHS JIaMITaM{
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JieHHoro cBiTa (inTercuBHicTh 2 500 JIk) ynpomosx 16 ron. Ha 100y
(Romanenko, 2004). B ymMoBax eKCHEPHMEHTY JI0 KyJIETYpH BOJIO-
pocteii goaBatk BOAHMI po3unH ceneHiTy Hatpito (Na,SeO;) y pos-
paxyHKy Ha Kinekicts Se(IV) — 10,0 Mr/aM® Ta BOZHI PO3UHHH
ZnS04-5H,0 Ta CrCly-6H,0 y pospaxyHky Ha BMict Zn i Cr'™ — 1o
5,0 mr/mv® (Lutsiv & Grubinko, 2012). KoHTporieM cyryBanma Kyilb-
Typa, SIKy BUPOLIYBAIM y CEPEIOBHUI O€3 T0JJaBaHHs HAaTPilO cele-
HITY, cOJIel XpoMy i IUHKY. biomacy >KMBHX KIITHH BifnOMpaty Ha
cpoMy 1100y KyisTHByBaHHs (Skrivan et al., 2010).

Bimouenns *C-6ikapGoHary y mpoTeisu, ByIIeBoay, M Ta
JTiriay pisHux KTaciB i “C-omeaty y nimmimu pisHEX KiaciB KOCTimKy-
BAJIM LIUBIXOM iHKyOawil cycreHsii xiopenu BianosigHo 3 20 kbk 0i-
KapGoHatoM Hatpiro (NaH,4COs;) Ta 3 184 Bk '*C-omeatom
(C17H33;COOH) 3a Temmneparypu 2022 °C i ocsitienti 2500 Jik mpo-
TsiroM 90 xB (Lutsiv & Grubinko, 2012; Yang et al., 2015). ITics 3y-
[IMHEHHS PeaKilil TPUXJIOPOLTOBOK) KHCJIOTOK 3MIHCHIOBATH EKCT-
PaKIlifo MPOTEiHIB, BYIJICBOIIB Ta JiMiaiB. PalioaKTHBHICTh 3pasKiB
BHUMIPIOBIM HAa CUMHTHILLiHHOMY miunmnbHuky LS-100C «Beck-
many» (CIIA). [Ins Bu3HAYCHHSI 3arajbHOI KUTBKOCTI BYIJICBOIB Y
Giomaci BOOpOCTeH, X OCaIKyBaIM TPHXJIOPOLTOBOIO KHCIIOTOIO,
JaJTi eKCTparyBalli PO3UMHOM 75% €TaHOIy, TCIst 40ro HeHTpUQy-
TyBaJIH, ABiYi POMHBAIHM, 3HOBY OCAIPKyBajl LICHTPU(YTyBaHHIM,
BHCYIIyBaJIH JIO TIOCTIHHOI Bard, 3BayKyBaJlH, Ta 3/iHCHIOBAIN aBTO-
paniorpadyBanns orpuMaHux 3paskiB (Molecular-genetic and bio-
chemical methods, 2012).

BusHayeHHs 3aralbHOrO BMICTy TPOTEiHIB y 6ioMaci BOIOpOC-
Teii 3ificHIOBaN Yepe3 iX oca/pkeHHs 5% PO3UMHOM TPUXJIOPOLITO-
BOI KHCJIOTH Ta LEHTPUDYTYBaHHSM, ATl 0Ca]] PO3YNHSUIA B €TAHOMI
Ta 3HOBY LIEHTPU(]YTYBaJIH, MICISA YOTO HOro MPOMUBAIN CYMIIIIIIIIO
eraHon : auetmiosuit edip (3 : 1) Ta miacynrysamu egipom. [Iporei-
Hu comobimizyBam 5 M KOH 3a 70 °C nporsrom 24 rox, HeWTpaii-
3yBaJI{, BUCYILYBAIM Ta 3BOXYBAIM Ta BU3HAYAIM iX pajioaKTHB-
Hicth (Vovk & Yanovich, 1988).

Jlns GiOXiMIYHOTO JOCII/DKCHHS JIMITH SKCTParyBalk XJIOpo-
(hopM-MeTaHOIOBOIO CyMilro y BigHomrerHi 2 : 1 merogom Porda
(Hokin & Hexum, 1992). Ipu upomMy 10 OfHI€E] MacoOBOT YacTKH BO-
noroi Oiomacu nonaBamy 20 MacoBHX YacTOK EKCTParyBalbHOI Cy-
Milll Ta 3ayHImamy Ha 12 ToauH it eKcTpakuii JimigiB. Hemirmigai
JIOMIIIIKH 3 €KCTPaKTy BHAALUM BiqMuBaHHAM 1% pozumaom KCl
(Prokhorova, 1982; Stefanyk et al., 1985). KinbkicTs 3arajbHuX Jiiri-
B BU3HAYAII BarOBMM METOJIOM ITiCJISl BIITOHKH EKCTparyBaJIbHOL
CyMillli, BUCYIIYBaJIM y TEPMOCTATI Ta 3BaXKyBAJIH.

Po3ninennst niminiB Ha okpemi (paxiii 31iHCHIOBAIN METOIOM
BHCXIIHOI OIHOMIPHOI TOHKOILIApOBOi Xxpomarorpadii B repmerny-

Taomuus 1

HHX Kamepax Ha IUIaCTHHKaX i3 cymimmo cuikaresis JIC 5/40 piJ1
5/40 p Ha ckisHIl ocHOBI. [lepes moyaTtkoM poOOTH TIACTUHKH aK-
TuByBasu npoTsiroM 30 xB 3a 105 °C y cymmbHii 1madi, 00poosim
10% criuproBuM po34rHOM (HocOpHOMOITIOEHOBOT KHCIIOTH Ta BU-
CYILIYyBaJIM 1X y TOTOLI TEIUIOro HOBITPs yrmpomok 10—15 XBrmiH.
XiopohopMHMI PO3YMH TPOOH JITAIB HAHOCIIM HA IUIACTHHKY
MIKPOZI03aTOPOM Y KUIBKOCTI, sika He nepeBryBata 200 MKr Jirmi-
JIB, TTiCJIS YOTO TTOBUTHHO MOMIIIATH IUTACTUHKH Y XpoMaTorpadivHi
kamepu. Pyxomoro ¢azoro ciyryBaia cyMill IekcaHy, METUIIOBOTO
edipy Ta npoasHoi orrrooi (70 : 30 : 1). Oneprxani XpoMaTorpaMu
HPOSIBSUIA B Kamepi, HACHYEHIH mapamu WOy, Misl ineHTH(iKaril
okpemux (ppakiii JImiAiB BAKOPUCTOBYBaIM crelu(ivHi peareHTH
Ta OYMIIEHI CTaHAAPTH. Y Tporeci poOOTH BHSBIECHO TaKi KiIach
mimigiB:  Gochommay, MamIITiIepoi, TPHAIMIIIEPOIn Ta
HeeTepHQikoBaHi xupHi kucnotH (Stefanyk et al., 1985).

KinbKicTh HETOMSIPHUX JIMIIB BU3HAYAIN 32 JOIIOMOTOKO OiXpo-
matHoro Merony (Prokhorova, 1982) — 1o mpoOu JimiiB g0AaBaTH
1 N po3urH 6ixpomaTy Kajlito Ta KOHIICHTPOBaHY CyJIb(aTHy KUCIIO-
ty. Jlinige y focmimKyBaHUX 3paskax CHAIIOBAIH 3 TeMIIEpaTypH
160-180 °C. BumiproBaiii iHTEHCUBHICTb 3a0apBIICHHS Ha CIICKTPO-
totomerpi CD-46 3a mowxwHM XBwii 615 HM. BisHavamu BmicT
OKpEeMIX KJIaciB JIIMIIB 3a KaniOpyBalbHOO KprBOIO. BmicT hocto-
JIMIB BU3HAYM MeTosioM BackkoBcbKoro: 3a Temreparypu 180 °C
KOHLICHTPOBAHOKO XJIODHOKO KHCIIOTOK HPOBOAMIIM MiHEpati3allito
(ocdomnimigis, a ONTUYHY I'YCTUHY PO3YMHY BH3HAYAIU 32 JOIIOMO-
roro criektpodoromerpa (Stefanik, 1985; Vaskovsky et al., 1985).

AxtuBHicTb Trinepon-3-ocdaramrpanchepasu (KO 2.3.1.15)
Bi3HavyamM 3a Yang et al. (2015). BuxinHy cycreHsio Bomopocti
postapanu y ¢apdopoBiii mocyauHi Ta iHKyOyBaH y CKIISIHHX KOJI-
6ax 3a 20°C Tta ocsimienns 2500 nx i3 184 kbx '“C-omeatom
(Cy7H33COOR) 13 0,6 MM rrinepoit-3-tocdarom, Tpuronom X-100,
2 MM MgCl, npotsirom 60 XBrmviH. PeakIiito 3yrmiHsIM JOJaBaHHM
10% TpuxsoporToBol Kuciaoty. Jani reHTprdyryBam Ta 3 OTpuMa-
HOTO Ocajly eKCTparyBaj Jimigau MetofoM Hidomnca B Momudikarii
(Stefanyk et al., 1985; Lutsiv & Grubinko, 2012). Otpumani 3pa3ku
aBropamiorpadysam. OnepxaHi eKCIepPUMEHTaIbHI JaHi OIparbo-
BaHI METO/IaMM BapialliiHOl CTAaTHCTUKU 3a JOTIOMOIOIO TPOrpamMu
Statistica 6.0 (StatSoft Inc., USA).

Pe3yabratn
BaeceHi y cepenoBuILe MIKPOEIEMEHTH 3yMOBIIIOIOTh YACTKOBY

nepeOyI0BY JIMITHOrO MeTaboi3My, HacaMIiepel 3MiHIOKOTh BMICT
JMiziB pi3HKUX KiaciB (Tadur. 1).

KipKicTh 3arainpHUX JMIIB B aKBOTI KynbTypu Ch. vulgaris i BMICT imiziB
DI3HHX KJTaciB Y HHX 3a i Hatpiit ceneity (10,0 Mr Se(IV)/am’) okpemo Ta crribHo 3 Zn®* i Cr** — 1o 5,0 Mr/mv® (mr, 7 16, M £ m, n=15)

BapianTta focrmixy 3arapHa

Heertepudikoani

3 MIKpOENeMEeHTaMH KUTBKICTb JIMiTiB Tpuawineporm Hiauprinepor JKUPHI KHCIIOTH Poccporiniz
Kontpoms 7,74+ 041 1,65 +0,40 1,01+£0,16 0,99 +0,08* 4,10+£0,38
Se(IV) 8,38+0,51 1,68 £0,23 0,83 +0,04* 0,97 +0,04* 491+0,34
Se(IV)+Zn** 8,79+1,22 1,56 +0,13* 1,31+0,28 1,47 £0,12% 4.45+0,26*
Se(IV+Cr'* 8,51 +£041* 2,91+0,13** 0,86 +0,03* 1,19 +0,04** 3,54+0,12*%

Tpumimxka: * —P < 0,10, ** — P < 0,05, pi3HHIIA BiporiaHAa MOPIBHAHO 3 KOHTPOJIEM.

3a BIUIMBY HATPIIO CEJICHITY OKPEMO Ta 3a CHUIBHOT Aii 3 ioHaMu
IMHKY Ta iOHAMM XpOMY 3arajJbHHil BMICT JHIIAIB y KITHHAX
Ch. vulgaris 3pocrae Ha 8,9%, 13,6% Tta 10,1%, Binnosimuo. [Ipu
LIBOMY B €KCNEPHMEHTAIIBHUX CUCTEMaX MPAKTUYHO HE 3MiHIOETHCS
L1010 KOHTPOJIIO BMICT TPHALIIIIIIEPOIIB 32 i CeNeHiTy OKpeMo
Ta CIUIBHO 13 [IMHKOM, TOJI 5IK 32 CIUIBbHOI i i3 XPOMOM KiJIbKIiCTh
TPHALMITTIIEPONIB y XJIOpeNH 30UIbIIyeThes Ha 76,4%. 1lomo BMi-
CTy HIalANIIITIEPONIiB Y KIITHHAX BOIOPOCTI, TYT BUSBIICHI TaKi 3Mi-
HH: 32 BIUIMBY HATPIIO CEJICHITY OKPEMO X KUIBKICTh 3MEHIITY€ThCS
Ha 17,8%, 3a cribHOT HOro Ail 3 i0HAMH IIMHKY BMICT JiaIlyITIIIIe-
POJTIB 3pOcTa€ MO0 KOHTPOITIO Ha 29,7%, a 3a CHTBHOT /il CeNeHITY
Ta XpoMy — 3HIDKyeTbcs Ha 14,9%. 3a3Ha€ 3MiH TaKOXK BMICT
dochomnimigis y Ch. vulgaris: 3a BIUIMBY HATPIIO CENICHITY OKPEMO Ta
CribHOT Horo [Iii 3 i0HaMH LMHKY TX BMICT BiINOBIJHO 3pocTae Ha

19,8% Ta 9,5% 11010 KOHTPOITIO, a 32 CIILTBHOI JIil CETICHITY Ta XPOMY —
3HIDKY€EThCsI Ha 13,7%. BimmoBifHO 70 BUSBICHUX TCHICHIIIA 3MiHEO-
€TBCsl BMICT HeeTepr(IKOBAHUX YKUPHHUX KHCIIOT: 3a BIUIMBY HATPIilO
CEJICHITY CITUTBHO 3 IOHAMM LIMHKY Ta 3 iIOHAMH XpOMY 3pOCTaE,
BiAnoBizHO, Ha 48,5% Ta 20,2% NOPIBHAHO 3 KOHTPOJILHUMH T10Ka3-
HHKaMH, a 3a Jii CENICHITy OKPeMO MPAKTHYHO HE BiIPI3HAETHCS Bil
BEJIMYMHHI KOHTPOJTIO.

J1ns omiHFOBaHHS IHTEHCHBHOCTI METa0OIi3My 3arajioM Ta JIiTo-
reHesy 30KpeMa MU JOCILIWIH BKIoueHHs *C-GikapGoHary B opra-
HivHi cionyku kiituH Ch. vulgaris (puc. 1).

Bxmouerns *C-6ikapOGoHaTy y BYIIeBOIH, IPOTCIHK Ta JIirTiu
Ch. vulgaris cyTTEBO BIIPI3HSETHCS SK Yy KOHTPOJI, TaK 1 3a Jii J0-
CIIi/DKCHNX YMHHHKIB, OJTHAK 30€piracThCsl ePeBaKaHHs BKITFOUCHHS
y Jimigy y 2-3 pasu BiTHOCHO iHTEHCHBHOCTI BKJIFOUCHHS MITKH Y
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BYIVICBO/M. BKITFOUCHHS MITKH y MPOTEIHU TEX BHSIBUIOCS MCHIIIHM —
y 9—12 pasiB BiTHOCHO IHTEHCHBHOCTI BKJIFOYEHHSI MITKH B JIiITiJH 32
il BCIX JOCIIDKYBaHUX MIKPOGIEMEHTIB. 3a KyJbTHBYBaHHS BOJIO-
POcTi y CepefoBHIL 3 MIKpOeTIeMEeHTaMy Liei Tporec iHTeHCH(IKY-
€Thesl. SIKIIO TEHIEHIs 10 3pOCTaHHS BKITIOUCHHS MIYeHOro Oikap-
OOHATy y BYIJICBOIM Ma€ MiCIle TUIBKH 3a CIIUIBHOI il HAaTpito cere-
HITy Ta 3 i0HaMH IIMHKY, TO IPOLEC BKIIOYEHHsSI MideHOro Oikap6o-
60

HaTy y IpOTE{HN aKTUBHO BiIOYBA€THCS B yCIX BHIAJKAX MIKpoere-
MeHTHOI fii. CTOCOBHO JIMi/IiB BOJIOPOCTI, Y IIbOMY BUIAJKy IHTCH-
CHBHICTh BKTIOUeHHS *C-GikapGOHATY NOCTOBIPHO CTHMYIOE BCi
BHKOPHCTaHI CyMIillli i0HIB: HATpii CEJICHIT OKPEMO aKTUBYE BKIIIO-
yeHHs Ha 29,7%, criibHO 3 ioHaMH IMHKY — Ha 37,0%, a 3 ioHaMu
xpoMmy — Ha 35,6% mmozo xontpomo. Jist ioHiB MeTaniB Ha (oHi ce-
JICHITY TTOCHITFOE IHTEHCHUBHICTB TIpoLiecy Ha 9,2% 11t 000X METaiB.
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Puc. 1. Itencupricts Brmoderns *C-GikapGorary B opramiumi crionyku xiitin Ch. vulgaris 3a 1ii Hatpiii cenemiry
(10,0 Mr Se(IV)/mv®) okpemo Ta crimbHo i3 Zn' i Cr'* — 1m0 5,0 M/, iMIL/xB-Mr cyxoi Mack, M+ m, n = 3:

a — BYITICBOIH; 6 — IIPOTETHN; 6 — miriay; *

V 3B’513Ky 3 BUSIBIICHHM €()eKTOM CTAHOBHTB IHTEPEC TOCIIDKEH-
Hs1 BRToueHHs *C-GikapGoHaTy 10 CKJIaLy OKPeMEX KITACIB JiiB
xiitad Ch. vulgaris (tabm. 2).

Ta0muus 2

[HTEHCHBHICTB BKIIOUeHHs ' *C-GikapGOHATY B OKpeMi KITACH JIITi B
y Ch. vulgaris 3a ii Hatpiit ceneity (10,0 Mr Se(IV)/am’) okpemo
Ta cribHo 3 Zn i Cr — o 5,0 Mr/mv

(imMm./XB*MT CyX0i MacH JimiziB, M + m, n = 5)

Bapiantu

. . Heerepudi-
AOCILY 3 Tpuau- Hia- i supri - Pocdorirt
ﬁzﬁo;ae;;- [ITiLepou ITiLepou P
Konrpoms 86,38 541 6821+186 1449+045 6985+3.21
Se(IV) 8,11+7,09  6809+328 1589+0,09* 8782+5,11*
Se(IV)+Zn*  70,64+447% 5521+376% 20,58+1,12%* 72,89+3,11
Se(IV)+Cr 4447+ 187%%* 9359+724* 21,07+ 125%* 71,58+ 137+

ITpumimka: * — P < 0,10, **
TIOPIBHSIHO 3 KOHTPOJIEM.

— P <0,05, ¥** — P < 0,001, pi3Huus BiporigHa

V' KOHTpOJNI MaKCHMaJbHE BKIIFOUEHHS MITKHM CIOCTEpIiracmMo B
TPUALIATITLIEPOITH, PIBHOO MIPOIO B JIALIIIIILIEPOSH Ta (hochoImimim,
MPAKTUYHO YIT'SITEPO MEHIIE B HeeTepu(iKoBaHI JKUPHI KUCIOTH.
B ycix BapianTax zii MikpoeneMeHTiB Ha KiTuHH Ch. vulgaris 3arais-

—P<0,10, ** — P < 0,05 pi3HuLg BiporiiHa MOPIiBHSIHO 3 KOHTPOJIEM

Ha TeHICHLIs! (OO BrouenHst *C-GikapGonary B pisHi Kiack Jimizis
30epiraeThes, OJHAK 3HIDKYETHCS YacTKa 1i BKIIFOUCHHS Y TPUALIAIIITi-
LIEpOITH, 0COOIHBO 32 CHLUTHHOI il HATPIIO CEJICHITY Ta iOHIB XpoMy (Ha
48,5%). PazoM 13 THM, IHTEHCHBHICTb BKJIFOUCHHS MITKH B JHALTAIIITi-
LIEpOJIM TIOPIBHAHO 3 KOHTPOJBHIMH TTOKA3HMKAMHU 3a [Iii CENEeHITY
OKpEMO TIPaKTUYHO HE 3MIHIOETHCS, 3 CIIUIBHOIL Ui CENEHITY i0HaMH
IMHKY JOemo 3MeHmyerses (Ha 19,1%), anme 3HayHO 3pocrae (Ha
37,2%) 3a CHIBHOI A1ii HATPIrO CeNeHiTy Ta ioHiB xpoMy. [llozo Brmo-
YeHHsI MiueHoOro OikapOoHaTy B HeeTepu(ikoBaHi )KHpPHI KUCIOTH, TO
3a Jii CeJIeHITy OKpEeMO TIOPIBHSHO 3 KOHTPOJIEM iHTEHCHBHICTD 301Tb-
mIyerbes Jmie Ha 9,7%, Toz SIK, 3a CHIIBHOI MPUCYTHOCTI CENEHITY 3
IOHaMH LIWHKY Ta CEJICHITY 3 I0HAMHU XPOMY iHTCHCHBHICTb BKITFOUCHHS
MIYEHOTO eJIeMeHTa 3pocTae BianosinHo Ha 42,0% Tta 45.4% B 000X
BHTIATKAX. [HTCHCHBHICTS BKITFOUeHHs “C-GikapGoHaty y docdosiri-
I XJIOPEJTH TTOPIBHSHO 3 KOHTPOJIEM MA€e TSHICHIIIO JIO 30UTBIIICHHS B
YCIX JIOCIIPKYBAaHHX BapiaHTax JOCIIy: 3a Jii CeIeHITY OKpeMo — Ha
25,8%, 3a CIIUTHHOI il CETICHITY 13 IIMHKOM 1 CEJIeHITY 3 XpOMOM — J10 5%.

AXTHBAIIiSI JIIOTeHE3y 3a il CIOyK CENICHY, IIUHKY Ta XpoMy
HiATBEpAMIACS 34eOUTBIION0 3pOCTAHHM IHTEHCUBHOCTI BKIIFOYCHHS
YC-oneary B pisui Kimacy NMigiB KITHH XJIOPE/IH Ta [TIBHILCHHS
aKTUBHOCTI Tiineposn-3-docdararmnrpancdepasi — 0AHOTO 3 KO-
YOBUX CH3MMIB 010CHHTE3Y JMifiB (puc. 2, 3), aKTUBHICTB SIKOTO OLTi-
HIOBAJIM 33 BKTIOYEHHsM y J1iriau *C-orneary.
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Puc. 2. Iirencusricts Bimouenns *C-oneary y Ch. vulgaris y nitizu pisuix Kiacis 3a aii atpiii ceneniry (10,0 Mr Se(IV)/ms’)
OKpeMo Ta crtitbHo 3 Zn' 1 Cr* — 110 5,0 Mr/mv’, iMIL/xB-Mr cyxoi Macu imizie (M + m, n = 5):
*—-P<0,10, ** —P < 0,05, *** — P < 0,001, pi3Hu1s BiporiaHa MopiBHIHO 3 KOHTPOJIEM

[HTEHCHBHICTB BKIMIOUEHHS ' *C-07eaTy 0 CKITaly TPHALIITIIIe-
pouniB Ch. vulgaris BUIl1a IOPIBHSHO 3 KOHTpoJeM Ha 11,9% 3a xii ce-
JIEHITY OKpeMo, Ha 7,1% — 3a CIIUIBHOI Jii CeleHiTy Ta IMHKY Ta Ha
15,2% — 3a chinbHOI Aii celeHiTy Ta XpoMy. AHAIOTIYHHHA Tpomec
crioctepiranu moo GocdodimiiiB: IHTCHCUBHICTh BKITIOYCHHS Mide-
HOTro oJneary Oinbla, HDK Y KoHTpodi, Ha 29,6%, 20,8% Tta 43,9%
BIJINOBITHO 32 J1ii CENEHITY OKpEeMO, CIILUIBHOI J1ii CENIeHITY 3 LIMHKY Ta
cernenity i3 xpomoM. OJHAK BHKOpHCTaHHA '“C-ojeaTy y mpoweci
YTBOPEHHSI HALITIILEPOIB Y KIITHHAX BOJOPOCTI 3MEHILYETCS 32
Oil Bcix MikpoenemeHTiB. [Ipu mpoMy 3a [ii JiMIe CeeHiTy 3MiHK
BISIBUJIMCS TIOMITHIIIMME (Ha 57,1% MeHIIe KOHTPOMO), HiX 3a Jii
ceJleHiTy 3 MeTanamu: Ha 18,9% wmeHe 3a aii 3 uaKoM Ta Ha 24,9%
MEHIIIE 32 Jif 13 XPOMOM.
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Puc. 3. AktuBHicTb Iitiepoi-3-ocharanmnrpanchepasu
y Ch. vulgaris 3a mii Hatpiii cenenity (10,0 mr Se(IV)/mv’) okpemo
Ta cribHo i3 Zn?" 1 Cr* — 1o 5,0 mr/mv® (moits [-3-O/mr Giika:xs,
M+ m,n=5): *—P <0,10, pisHULA BiporiJHa HOPIBHIHO
3 KOHTPOJIEM

[ono HeeTepr(iKOBAHUX >KUPHHUX KHCIOT, TO [iisl CEJICHITY
OKpEMO Ta CEJICHITYy i3 XPOMOM 3yMOBJIIOE 3MEHIIEHHS IpOLECY
BKJIFOUCHHSI MIYCHOT'O 0JIeaTy 10 iX CKJIajay BiamoBiaHO Ha 28,8% Ta
22,0% TOpiBHSHO 3 MOKA3HUKAMU KOHTPOJIFO, TOI SIK 32 CHUIBHOT Jiii
CEJICHITY Ta LIMHKY Ma€ MICLE IMiJBUIICHHS] IHTEHCHBHOCTI BKIIFOYCH-
Hs MiTKU Ha 41,5% BITHOCHO KOHTDOJTIO.

oo peaxwuiifHOi 3AATHOCTI eH3UMy Tiinepos-3-docdararm-
TpaHcepasu y XJIOpeH, SKa PEryioe CHHTE3 TalMirilepoiB, a
BIJITaK 1 TPHALMIINIILIEPOIIB, TO B YCIX BapiaHTax JOCIIiIY Ma€ MicIie
3pOCTaHHs 1i aKTUBHOCTI. 3a BIUIMBY CEJICHITY OKpeMO ii akTUBHICTH
30uBIIYy€eThCs Ha 15,4% TOPIBHSHO 3 KOHTpOJIEM, a Ha ()OHi Joiat-

K0BOI MikpoeneMeHTHoI Aii akTuBHiCTb [-3-PAT Ginbiua Ha 20,3%
3a BIUIMBY i3 IMHKOM i Ha 14,1% — 3a BIUIMBY i3 XpOMOM BiTHOCHO
KOHTPOJILHOI BEJIMYHHH.

O0roBopeHHs1

3arajbHOI0 TEHICHLIEIO BIUTMBY JIOCII/DKYBAHHX MIKpOEIeMeH-
TIB BUSIBHJIKCS YiTKI KUTbKICHI Ta SIKICHI 3MiHM BMICTY OKpPEeMHX KJIa-
ciB ninigiB y kiituHax Ch. vulgaris. Tlepepo3noain kiacis B y
KIIITHHAX XJIOPENH BiAOyBa€eThCs 3a [Iii HATPIIO CENEeHITYy Ha KOPUCTh
(octomimaiB 3a paXyHOK 3MEHIICHHS YacTKU MiallANIIITLEPOIIiB,
TOAl SIK KUTBKICTh TPHALIUIIIIIIIEPONIB 1 HETEPHU(IKOBAHNX SKUPHHUX
KHUCJIOT TIPAaKTHYIHO HEe 3MIHIOIOTECS. 3a JIii HaTpilo CeNeHITy Ta ioHIB
IMHKY 3POCTa€ BITHOCHWII BMICT AlaIIUINIILEPOIIB, HETepH(iKoBa-
HHUX )KUPHUX KUCIOT 1 poc(OIIiniiiB 3a HE3HAYHOTO 3HIDKESHHS YacT-
KU Tpyarriinepostis. CHiibHA JTist HATPIO CENICHITY Ta i0HIB XpOMY
3yYMOBIIIOE CYTT€BE 3POCTAHHS BITHOCHOIO BMICTY TPHALIIIIIILIEPO-
JB 1 YacTKOBO HeTepU(DIKOBAHUX >KUPHUX KHUCIOT 33 3HIDKCHHS
YaCTKH y KIITHHAX BOAOPOCTI MIAIFIITITIIEPOIIB 1 (PocOiIimiB.

TlimBummenns BMicTy dochominimiB y KITHHAX XJIOPETU y3roi-
JKYETBCSL 3 JTAHUMH HPO HOro 3pOCTaHHs 3a CTPECOBUX CHTYyaLii
(Chirkova, 1997; Rozentsvet et al., 2005), i, OYEBHIHO, TTOSCHIOETHCS
THM, IO IIi JIMiZM OHI 3 YAHHHUKIB 3MiHH ITUTMHHOCTI MEMOpaH 3a
(izuko-xiMiuHKX 3MiH KTiTHHHOTO oToueHHs (Kostyuk & Grubinko,
2012). 361bIICHHSM BMICTY JIalIIIILEPOiB i HeeTeprdikoBaHUX
JKAPHHUX KHUCIIOT MOSICHIOETHCS aKTUBALUEIO JIila3 3a CTPecoBOl i
(haxropiB cepenopuria (Schmid & Ohlrogge, 2002; Richmond & Hu,
2013). lonn xpoMy, HMOBIpHO, 3IIICHIOIOTE TIepe0y 0By MeTaboIi3-
My JIMiAIB Ha KOPHUCTH TPHALIIIILEPOIB SIK HACIOK aJallTUBHOI
crabuti3arii MeMOpaH st 3aro0iraHHs] IPOHUKHEHHSI [IbOTO TOKCH-
KaHTY y KIIITHHH.

BinmideHe 3HWKEHHs BKIIOUCHHS OiKapOOHATY 10 TPUALIMIIIITi-
ueponiB Ch. vulgaris Ta ioro 3poctanns y ¢ocdoriminax i Herepudi-
KOBaHHX JKMPHHUX KHCJIOTax 3a [iii MiKpOEIEMEHTIB, OKpIiM i0HIB Xpo-
My, sIKi MOI(iKyBaIM BKIIFOUSHHS MITKH 10 AialMIIILEepoIiB, MO-
JKe BUSIBUTHCS HACITIIKOM CTIEIM(IYHOI TOKCHKOIe€HHOCTI 10HIB BAKKUX
mertaniB (Rozentsvet et al., 2005; Chia et al., 2013; Chen et al., 2017).

Brrowennst mideHoro oneatry m0 CKIaQy TPHAIWUIIIIEPOIIB
CBITYUTH TIPO 3POCTaHHS iX OIOCHHTE3Y, 8 TAKOXK MA€ MICIIC 3HIKEH-
Hsl GI0CHHTE3Y AIAIWITITINEPOTIB 1 TCHICHIIS JI0 3pPOCTaHHs OIOCHH-
Te3y (ochomimiaiB y BCiX BUIMAAKax Jiii MiKpOEJIEMEHTIB 1010 KOH-
TpoItio. BKITFOUEHHS MITKH 0JieaTy B HeTepH(IKOBaHI KUPHI KHCIIOTH —
HACIIOK 3MIiHM MMyJTy JKMPHHX KHCIIOT, TOB’S3aHUI 3 aKTHBALIEIO
JmigHOTO MeTaboIIi3My 3a [iii conell cereHy, IMHKY Ta XpoMy. B
JKUpPHI KUCJIOTH — OfIHI 3 HAMIAOUTHHIIINX KOMITIOHEHTIB KJIITHH BO-
Jopocrteii, ix cxtaj 3abe3nedye MepBUHHY BiNIOBI/b 1 aJalTHUBHI pe-
aKIIii OpraHi3My Ta MOXK€ 3MIHIOBATUCS 3aJIE)KHO BiJ YMOB CEpElOBH-
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m1a (Schmid & Ohlrogge, 2002; Kelly et al., 2016). Biocunre3 mimiaiB
y POCIIMH, Y TOMY YHCII H y BOZOPOCTEi, JIOKaITi30BaHHI IIEPEBaYKHO
y wiactuaax (Schmid & Ohlrogge, 2002; Chen et al., 2017). Cunre3s
OLIBILIOCTI BUIBHUX JKUPHHUX KHUCIIOT de novo BinOyBa€eThCs Y XJI0pO-
IUIACTaX, IUTO30JIb KJITHH POCIIMH, Ha BIIMIHY Bil TBAPUHHUX Opra-
HI3MIB, Yy CHHTE3i KUPHUX KUCIIOT yJacTi He Oepe. Y HboMy (yHK-
LIOHY€E cUcTeMa MOJU(IKAIi alMIFHOTO JIAHIIOra CHHTE30BaHUX Y
IUIACTHAX JKMPHHUX KUCIIOT, IO TPAHCIIOPTYIOTHCS Ha CHIOILIa3Ma-
THYHUK PETHKYJIFOM 3aBIUIKH aliITpaHcdepasaM, yTBOPIOIOYH MPH
LIEOMY JKHPHI KHCJIOTH, 1110 BUKOPUCTOBYIOTBCS y O10CHHTE31 BOCKIB 1
3anmachux JiniaiB (Dormann, 2007), TOGTO HMEPEBaKHO aTalTUBHHUX
¢opm mninizgi. Onear BUCTYIA€E TONEPEIHIKOM i CKIAZIOBOIO YacTH-
HOIO 0araTbOX >KHPHUX KHCJIOT, SIKi BKITFOUAIOTBCS JI0 CKIIAAY IIIIe-
pomniminis (Metzler, 2003). 11{ogo oCHOBHOrO KOMIIOHEHTa KJTHH-
HHX MeMOpaH — (ochoiniziB, 3pOCTaHHs IHTEHCUBHOCT] BKIIFOUCH-
Hst C-oneary CBIIUMTH NPO AKTHBALII0 MEMOpaHHMX MPOIECIB i
(hopMyBaHHS TOKCHKOPE3UCTEHTHOCT] KIIITHH BOJOPOCTI 10 Mii J10-
CIT/PKYBaHUX MIKPOCJIEMEHTIB. BHsiBIICHA 3aKOHOMIPHICTH CITIBBiJI-
HOCHTBCSL 3 pe3y/ibTaTaMH LIOAO 30UIBIICHHS KUTBKOCTI JIMiiB
(tabmn. 1) i daxTom akTuBHOrO Hinorene3y y xuopenn (Harwood &
Guschina, 2009; Widjaja et al., 2009).

3a BKIIOUCHHS ONleaTy aKTUBYETBhCS IMiLepoi-3-pocdararin-
Tpancepaza — mepIrii MeMOPAHO3B’sI3aHMI €H3UM, IO IHIIiI0E
Tiporiec GiOCHHTE3y TpUALIIIIINEepoIiB nusixoM Kenneni npu mepe-
JIaBaHHi awibHOI rpymH Bif aipwi-KoA abo amwi-Allb (B miactu-
J1ax) B S, a00 s,, MojoxkeHHs riirepon-3-pochary (Wang et al.,
2004). I'ninepon-3-docdararrurpanchepasa BoJIoAi€ BUCOKOIO CIie-
uQIvHICTIO 0 cyOCTpaTy, OCOOIMBO 0 3aJIHIIKY MOHOHEHACHYE-
HOI ONIeTHOBOI KHCIIOTH SIK JoHOpa amwibHoi rpymi (Turnbull et al.,
2001). CuHTe30BaHI MPOAYKTH, OYCBHIHO, BCTYIAIOTh y MOAAJIBIIL
peakii OioCHHTe3y OKpeMHX KIaciB JIMiJiB (TPUALUIIINEPOIIB i
(ocdomimnizin), Ipo M0 CBITYUTH JOCUTH BUCOKA aKTUBHICTb IJIille-
pon-3-hochatarprpancdepasd Ta TCHACHINSA 10 ii 3pOCTaHHs 3a
BIUTMBY MikpoenieMeHTiB. Lleit (akT CriBBITHOCHUTBCS 3 MiATPUMaH-
HSIM KJIITHHAMH CTaLliOHapHOTO BMICTy TPHALIIIILEpOIiB i octo-
JOiAiB y KITHHAX XJopend. Bucoka akTBHICTH riirepost-3-¢oc-
(atawnTpaHcdepas TakoxkK MoB’si3aHa 3 GOPMyBAHHIM aJalTUBHUX
BI/IMIOBiZIEH, HacamIiepen, 31 3pOCTaHHAM BMICTY Y KIITHHHHX MEM-
Opanax okpemux (aganTuBHHX) KinaciB mimigiB (Kostyuk & Grubin-
ko, 2012; Lutsiv & Grubinko, 2012). Jlimiqauii cki1ax KITHH 32 i
CTPECOBHX YMHHHKIB 3HAYHO 3MIHIOETBCS, a 32 afarTallii rigpo0ioH-
TIB JI0 eKCTPEMATbHIX YNHHUKIB CEPEIOBHIIA B KIIITMHAX 3MIHFOETh-
Cs1 HE TUIBKY CITiBBITHOIICHHS OKPEMHX KJIACIB JIIIIB, a 1 iX )KHPHO-
kucotHuii ckian (Morash et al.,, 2009; Lv Jian et al.,, 2010; Chia
etal., 2013). Hocmimkennst Kostyuk & Grubinko (2012) cBigyars npo
KOMITCHCATOPHO-aIaNlTHBHI 3MiHH B MEMOpaHaX BOAHUX POCIHH, y
tomy uuciti Chlorella vulgaris, 3a nii YMHHUKIB cepeIOBHUIIA iCHY-
BaHHs. OIWH i3 BOKIMBUAX MEXaHi3MIiB MOIu(IKaIii JimiHOro Me-
Tabomizmy — 6iocunTe3 Gocdomimiaia (Krebs, 1981).

3araipHUi MexaHi3M (OpMyBaHHSI TOKCHKOPE3HCTEHTHOCTI Y
BOJHUX POCIMH O Ail YNHHHKIB CYIPOBODKYETHCS 3POCTAHHSIM
KimbKocTi (ocdomimigiB, 60 came iX BMICT BIUIMBAE HE TUIBKKA Ha
IUIMHHICTh MeMOpaH, a i Ha (OpMyBaHHS MIKpPOCEpPEIOBHIIA IS
MeMOpaHHHUX CH3UMIB, I0HHIX KaHAIIB, a TAKOXK JAHUHN MiIKIIAC JIii-
B PEryJiroe 3B 530K KJIITHH 13 30BHIIIHIM cepenonmieM (Abbas &
Card, 1980). InTeHCHBHICTB IIHOTO MPOLECY MOXJIIMBA 3aBMISKU BHCO-
Kilf copOniiHii 31aTHOCTI 3apsymkeHnx (ocdommigis (Wang et al.,
2004), abo »k BUKOHAHHSM HUMH (yHKIIT MECEHIDKEPIB, sIKi repera-
F0Th iH(OPMAIIiF0 BCEPEIUHY KIITHHH MPO 3MIHK HABKOJHUIIHBOIO
cepenosuina (Vigh et al., 1988). TlepBuHHNME KOMIIEHCATOPHHUMHU
BIMOBISIMK Ha CTPEC YM 3MiHK (i3HKO-XIMIYHIX MapamMeTpiB cepe-
JIOBHII[A BUPOILYBAaHHS BHCTYIAIOTh 3MIiHU CTYIICHS HEHACHYCHOCTI
JKAPHUX KHUCIOT hocomimiaiB, Mo MOXKe MOpPYIIyBaTH IUIMHHICTH
MeMOpanu abo iHm 11 ¢izrani xapakrepuctuky (Schmid & Ohlrog-
ge, 2002; Wang et al., 2004; Rozetsvet et al., 2005).

[lono nepepo3nozity BMICTy Ta Gi0CHHTE3Y JIMiIB iHIIMX KIla-
ciB, Taki 3MiHN PO3BUBAIOTHCS MOBUIBHIIIE. [TinBHIIIEHHS BMICTY TpH-
ALINITLEPONTiB — OMH 13 YMHHHKIB CTaOUT3alli KIITHHHIX MEM-
6pan (Lewis & McElhaney, 2000) 3 oHOYaCHUM MPOLIECOM YII[iIb-

HEHHs Ta 3MeHIneHHs ix wmHHocTi (Dyatlovitskaya & Bezuglov, 1998).
OCKUTBKH TPUAIWITIILCPOIM — OCHOBHHM 3allaCHUI CHEPreTUYHUIA
cyOctpar, 30UTbIIeHHS iX BMICTY CBIIYUTB PO IMiABHILCHHS SHepre-
THYHHX TTOTPEO, 1110 BUHUKAIOTH Y Pe3YJIBTATI [Iii 3MiH HABKOJIUIIIHBOTO
cepenoBua. [l Toro, m1o6 3a0e3neunTy KIITHHY HEOOXiTHIM eHep-
TeTHYHAM MaTepiaioM, aKTHBYEThCS JIIIONI3, 8 PIBEHb TPUALIIIIIILE-
POJIIB ITiCIIS TIOYATKOBOTO ITiIBHIIICHHS iX BMICTY 3MECHIITY€THCS.

BucnoBkn

JlocmiKeHHsT IOKa3aI0 MOMUIMBICTh PeryJisiil MeTabosizMy B
OiK MOCHIICHHS OiOCHHTETUYHHX HPOLECIB B OHOKIIITHHHOI 3€JICHOT
Bogopocti Ch. vulgaris B yMOBaX aKBaKyJIbTyPH 3 METOIO OTPHMAHHS
SNEMEHIIIMHIX CHOMYK — MEPCIICKTUBHIX (papMalleBTUUHUX TIpe-
TiapatiB KoMInieKcHoro Tury. 3a aii MikpoenementiB Se (IV) y xon-
nenrpaii (10 Mr/mv®) okpemo Ta crimsro 3 Zn®* (5 mr/mr) i Cr''
(5 Mr/aM®) yrponox 7 fi6 Mano Micue 36UIbLICHHS 3araibHOL
KUTbKOCTI JimifiB 10 13% mopiBHSIHO 3 KoHTponeM. [lepeposmnomin
KJIACiB JIMIIB Y KIITHHAX XJIOPEH BinOyBa€eThCs 3a JIii HATpiro cee-
HITy Ha KOpHUCTH (ochoimiaiB 32 paxyHOK 3MEHIICHHS YaCTKH Jii-
AIWIITIIEPOITIB, TOAI K KUTBKICTh TPHAIITITILIEPOTIB 1 HeTeprdiko-
BaHUX JKUPHUX KHCJIOT NMPAKTHYHO HE 3MIHIOIOThCS. 3a [ii HATpiro
CEJICHITY Ta iOHIB IMHKY 3pOCTAE BIMHOCHMH BMICT Jial[WIITIIIEPO-
J1iB, HeTepr(IKOBAHNX KUPHUX KHUCIIOT 1 (hocomiminiB 3a He3HAUHO-
TO 3HIDKCHHS YaCTKH TpUaIIninepostiB. CrifibHa JTist HATpiro cerie-
HITy Ta i0HIB XpOMY 3yMOBIIFO€ CYTTEBE 3POCTAHHS BiTHOCHOTO BMi-
CTY TPHUALIIIITITILIEPOJTiB Ta YaCTKOBO HETePH(iKOBAHHX KUPHUX KHC-
JIOT 32 3HWKEHHS YaCTKU Y KIITHHAX BOAOPOCTI AIaLMIIILEPOiB i
docormimizis. Brimouenns "“C-6ikapGorary y Ch. vulgaris Binoysa-
€ThCS y 2—3 pa3u iHTEHCHBHIIIE B JIITM, HOK y BYIJICBOIM, Ta Y 9—
12 pasiB — HDX y IPOTEiHY 3a BCIX BapiaHTIB HOCHIY. 3pOCTaHHS iH-
TEHCHBHOCTI BKJTIOUEHHsI MiueHOro OikapOOHAaTy y BYIJIEBOIM Mae
MiCII€ TUTBKH 3a CITUTBHOI JIii HATPIFO CENICHITY Ta i0HIB IIUHKY, Y MPO-
TETHM Ta JIIITM — B YCIX BUNAJKaX MiKpOEIEMEHTHOT Mil.

3arasibHa TEHICHLS — 3HIDKEHHSI BKJIIOYCHHsI OikapOOHaTy [0
tpuatpineponiB Ch. vulgaris Ta #ioro 3pocranss y ¢ocdormimnizax i
HeTepu(IKOBAHKX KUPHUX KUCIOTaX. AKTHBALls JMOreHe3y 3a il
CIIONYK CeJIeHy, IIMHKY Ta XpOMY MiATBepAMIacs 31eOUIbIIOro 3poc-
TAHHSIM IHTCHCHBHOCTI BKIFOUeHHst '*C-oreaty B pi3Hi Kiack imiis
KJIITHH XJIOPEITH Ta Ti/IBUICHHS] aKTHBHOCTI TIIEPO-3-(hocdararmi-
Tpanchepasu. CrpsMyBaHHS Ta PETryJBLisl JIMIHOTO METaboIi3My
Ch. vulgaris y HanpssMKy 30UTBIIICHHST KUTHKOCTI Ta HAKOIMYCHHS JIilTi-
B Ta iX OKpeMHX KJIACiB 3a JIOTIOMOIOF0 HATPii CENCHITY CMUTLHO 3
Zn*" Ta Cr'" 3 METOIO YTBOPEHHS! CENeHMETAITITIHIX KOMITICKCIB
MOYKHA BHKOPHUCTATH YIS OJICPYKAHHS JIITTHIX OIOJIOTIYHO aKTHBHHX
TIpenapariB, 30aradyeHNK eCeHLIIHHIMI MIKPOEJIEMEHTAMH.
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Introduction

Escherichia coli is a bacterium that normally inhabits the

Berhilevych, O. M., Kasianchuk, V. V., Deriabin, O. M., & Kukhtyn, M. D. (2018). Isolation of Shiga toxin-
producing strains of Escherichia coli from beef and swine carcasses and the characterization of their genes.
Regulatory Mechanisms in Biosystems, 9(2), 275-280. doi:10.15421/021840

Escherichia coli is part of the normal microflora of the intestinal tract of humans and warm-blooded animals, but its
presence in raw material and food of animal origin is considered as fecal contamination and can be very dangerous for
consumers. The determination of the number of E. coli in raw material and food is important because among them can
be pathogenic strains. The most dangerous strains are considered enterohemorrhagic E. coli as a causative agent of
severe bloody diarrhea and hemorrhagic uremic syndrome in humans through the production of Shiga-toxin, which is
the main virulence factor, responsible for disease. The aim of this study was to identify the prevalence of Shiga toxin-
producing strains of E. coli (STEC) from swabs of beef and swine carcass in slaughterhouses in Ukraine and
characterize their genes, which are responsible for pathogenic properties. A total of 230 samples of swabs from beef
(130) and swine (100) carcasses were obtained from 5 slaughterhouses in Ukraine between 2012 and 2015. Samples of
swabs from carcasses were randomly selected at the final point of the process after the final washing of the carcass from
the following areas: distal hind limb, abdomen (lateral and medial) from swine carcasses, brisket, flank and flank groin
areas from beef carcasses. All samples were examined by culture-dependent method, after that each positive isolate of
STEC was analyzed by multiplex PCR to detect the stx1, stx2, and eae genes. Out of 230 collected samples, seven
(7.2%) were contaminated with STEC. The highest prevalence of STEC was found in swabs from beef carcasses (8.1%)
in comparison to swabs from swine carcasses (5.7%). The stx1 gene was the predominant gene detected in all STEC
positive samples. The eae gene was found in one of the examined isolates from beef carcass. Three isolates from swabs
of beef carcass carried both stx1 and stx2 genes, one isolate showed association between stx1 and eae genes, one isolate
was positive for stx1 gene only. In swabs from swine carcasses (2 isolates) stx1 and stx2 genes were presented
simultaneously. The results of this study suggested that fresh raw meat could be a potential vehicle for transmission of
the Shiga toxin-producing strain of E. coli to humans. This is the first report of STEC prevalence in beef and swine
carcasses in Ukraine and these data will be valuable for microbiological risk assessment and help the appropriate
services to develop strategies to mitigate health risk.

Keywords: STEC; beef carcasses; swine carcasses; stx1; stx2; eae genes; multiples PCR

Other serogroups (026, 045, 0103, O111, 0121, O145) of EHEC
are less common. One of the main characteristics of all of these sero-
groups is the production of Shiga-toxin (Stx), which is an important

intestines of humans and warm-blooded animals. Most strains of
E. coli are not harmful for them, but some strains are pathogenic
causing gastrointestinal infections (Dhama et al, 2013; Ray &
Bhunia, 2014; Shuhong et al, 2015; Awadallah et al, 2016).
Nowadays, more than 700 different serotypes of E. coli have been
identified and divided into different serotypes according to their "O"
(somatic or lipopolysaccharide) and "H" (flagellar) antigens. Patho-
genic strains of E. coli are divided into six groups (enterotoxigenic,
enteropathogenic, enteroinvasive, enterohemorrhagic, enteroaggrega-
tive and diffuse-adhering) based on their ability to produce toxins and
to adhere and to invade intestinal epithelial cells (Rani et al., 2017,
Vijayan et al., 2017). But the most pathogenic strains of E. coli of all
known strains are enterohemorrhagic E. coli (EHEC). Serogroup
0157:H7 of EHEC is the most frequently associated with serious
food poisoning, which is accompanied by severe bloody diarrhea,
hemorrhagic uremic syndrome (HUS) and can be lethal for humans.
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virulence factor, responsible for HUS. Because all enterohemorrhagic
E. coli produce Shiga-toxin, they are also known as Shiga-toxigenic
E. coli (STEC) or verotocxigenic E. coli (VTEC) because of their
cytotoxic effect on Vero cells (Momtaz & Jamshidi, 2013; Haugum
etal., 2014, Ray & Bhunia, 2014; Sudershan et al., 2014).

There are two types of Shiga-like toxins (Stx1 and Stx2)
produced by STEC. Shiga-toxigenic E. coli can produce Stx1 only,
Stx2 only, or both. The production of these toxins is regulated by
bacteriophages which carry the stx genes and which lyosgenize
strains of STEC. These bacteriophages are representative of the Stx-
encoding prophages. For E. coli O157:H7, the toxin genes are silent
during lysogeny; however, if the phages are induced to enter the lytic
cycle, phage and toxin production will occur. Induction to the lytic
cycle can occur after exposure of the bacteria to DNA damaging
agents, such as low iron conditions, UV light or mitomycin C, or to
antibiotics (Puttalingamma et al., 2012; Rashid et al.,, 2013; Ray &
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Bhunia, 2014). In addition to Shiga toxin production, another virulen-
ce factor expressed by STEC is intimin. Intimin is a membrane
protein produced by all attaching enteric pathogens including STEC
as an adherence factor for attachment to the intestinal epithelial cells.
The eae gene codes produce this protein. STEC also have other
adherence factors such as fimbriae, autotransporter, flagella, and EibG
and Efa-1 adhesin. The most virulent strains of STEC have all these
genes. However, some strains of STEC are capable of having the
gene that codes the first toxin (stx1), or the gene that codes the second
toxin (stx2), or both genes (stxland stx2) at the same time, or other
combinations of three virulence genes (stx1, stx2 and eae) (Croxen
etal., 2013; Awadallah et al., 2016; Soledad-Cadona et al., 2018).

Humans primarily become infected by Shiga toxin-producing E.
coli through consumption of food of animal origin (Ju et al., 2012;
Momtaz & Jamshidi, 2013; Lozinak et al., 2016). Consumption of
undercooked ground beef is the main source of infection as the meat
can be easily contaminated with cattle feces during slaughter and
butchering (Taye et al., 2013; Abdissa et al., 2017; Premarathne et al.,
2017; Vijayan et al., 2017; Omoruyi et al., 2018). Although beef meat
is considered as the main source of STEC for people, alimentary
infections caused by STEC have also been described after consump-
tion of swine meat (Troz-Williams et al., 2012; Tseng et al., 2014).

The disease caused by the toxin usually has very serious conse-
quences for human health and can manifest by three different
syndromes: hemorrhagic colitis (HC), hemolytic uremic syndrome
(HUS), thrombotic thrombocytopenic purpura and which can even
cause death (Majowicz et al., 2014; Smith et al., 2014; ECDC, 2016).

Due to the danger of STEC at the international level and to ensure
food safety, it is officially recognized as a requirement to carry out
research on the testing of these microorganisms in meat and meat
products (Tafida et al., 2014; ECDC, 2016). It is possible to determine
STEC by bacteriological methods that include the preenrichment of
studied samples in broth with antibiotics, then isolation on agar
typical colonies and then serotyping. To control STEC in each
country, culture-dependent methods are different, but PCR — methods
are the most rapid, sensitive and highly specific. Therefore, develop-
ment and modifying a general technique of PCR — methods for
detection of Shiga toxin-producing strain of E. coli are the focus of
attention of scientists in different countries. Often, for rapid detection
of the presence of several virulence factors of STEC in the samples,
polymerase chain reaction (PCR) in multiplex version is used
(Puttalingamma et al., 2012; Rantsiou et al., 2012; Haugum et al.,
2014; Hara-Kudo et al., 2016).

It should be noted that at present in Ukraine rapid control
techniques for STEC, including PCR, have not been developed yet,
which is a deterrent to ensuring access of Ukrainian goods to foreign
markets, especially the EU. In this regard, it is important to modify or
adapt a general specific and rapid method of detection and
identification Shiga toxin-producing strains of E. coli (STEC).

Therefore, the aim of this study was to identify the presence of the
Shiga toxin-producing strains of E. coli on beef and swine carcasses
in Ukraine and investigate their genetic characteristics. The following
tasks were pursued in this study: (i) isolation of STEC from beef and
swine carcasses (ii) modification of multiplex PCR method to detect
the stx1, stx2, and eae genes (iii) to find out main the genetic
characteristics of STEC from beef and pork carcasses.

Materials and methods

Samples collection. The work was performed in the Microbiolo-
gy Laboratory of Center "Ecomedhim” in Sumy State University
(Sumy, Ukraine), in the State Research Institute of Laboratory Diag-
nostics and Veterinary Expertise (Kyiv, Ukraine) and in the State
Scientific Control Institute of Biotechnology and Strains of Microor-
ganisms, (Kyiv, Ukraine). A total of 230 samples of swab from beef
(130) and swine (100) carcasses were obtained from 5 slaughterhou-
ses in Ukraine (Kyiv (3) and Sumy (2) regions) between 2012 and
2015. Swabs were collected with sterile tampons in sterile saline
solution. Area selection of swabs was 100 cm? from each carcass

according to requirements ISO 17604. Samples of swabs from
carcasses were selected randomly at the final point of the process after
the final processing and washing of the carcass, from the following
areas: distal hind limb, abdomen (lateral and medial) from swine
carcasses, brisket, flank and flank groin areas from beef carcasses.
After sampling, swabs were delivered to the laboratory at 4-5 °C in
refrigerator-bags.

Methods of isolation and identification of E. coli from samples.
Samples were examined for 2—12 hours. Swab samples were exami-
nated by standard methods: serial dilutions of samples were plated on
the surface of commercial medium “Compact Dry™ EC” for
isolation of E. coli in Petri dishes (NISSUI pharma). It is a ready-to-
use chromogenic medium for performing E. coli and coliform counts.
Petri dishes with isolates were incubated for 24 h at 37 °C. Interpreta-
tion of the results was performed by the following indicators: blue
colonies were considered as E. coli.

Oligonucleotide primers. Alignment of nucleotide sequences and
their homology analysis was performed by the module Clustalx softwa-
re "Vector NTI" v.10.0.1 (Invitrogen) and Blast-analysis resource
www.ncbi.nlmhim.gov (National Center for Biotechnology Informa-
tion, USA). Primers for PCR multiplex variant were calculated by the
software "Vector NTI" v.10.0.1 and synthesized in the "Lytech" (Rus-
sia). Lyophilized primers were diluted to a concentration of 100 pmol/pl
"Ultra Pure Distilled Water" (Invitrogen, Cat. # 10977-023, USA) and
stored at —20 °C until use. Specific oligonucleotide primers that were
used for the detection of STEC are shown in Figure 1.
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c 3183 bp

Fig. 1. Specific oligonucleotide primers specific
to the toxin gene stx1 (a), stx2 (b) and intimin (eae) (c)
that were used for the detection of Escherichia coli (STEC)

DNA isolation. DNA isolation was performed by three different
methods: 1st — a colony of E. coli cultures was taken in a test tube
with 0.5 microliters of sterile deionized water and was heated for 3
minutes at 100 °C, after that the tube was immediately transferred to
ice; 2nd — selection using a commercial kit "DNA Sorb-B" (Amply-
sens, Russia); 3rd — using silica-modified (~ 15 nm) magnetic par-
ticles (synthesized and provided by N. Volkova, Institute of Physics
and Biophysics NAS) with a concentration of 10 mg ml™” and
saturation magnetization of 37 emu (Am?kg), purification of bacterial
DNA for spectrophotometric analysis was performed using a set of
"Ultra Clean DNA Purification Kit" (Cat. # 12500-100; Mobio,
USA). The concentration and purity of drugs obtained DNA was
measured on a spectrophotometer "NanoDrop 2000c" (USA).
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Polymerase chain reaction (PCR). PCR was performed in termo-
cycles "Tertsyk" (DNA technology, Russia) and "T1" (Biometra,
Germany). The reaction was carried out by "hot" start in a volume of
0.025 cm’. In order to minimize the formation of nonspecific dimers
primer matrix and its amplification the method of preparation of the
reaction mixture with the physical separation of PCR components was used.

To prepare the "lower" reaction mixture, nucleotydtryphosfate
(2 mM) was mixed with appropriate primers in one tube at the rate of
0.025 cm® each (final concentration from each primer 1015 pmol/
sample). After mixing in a vortex, the mixture was dropped in
prepared for PCR microtubes in volume 0.005 cm” in each and on the
top of it molten wax in volume 0.015 cm® was added. After solidifica-
tion of wax in the tube, the "upper" reaction mixture in volume 0.017
cm® and 2 drops of mineral oil were added. The "upper" reaction
mixture (1 sample calculation) consisted of 0.005 cm® (x5) PCR buffer;
0.0025 cm® 50 mM MgSO4; 0.009 cm® H,O MilliQ and 0.0005 cm’
Tag-polymerase (5 units/ml). Samples of bacterial DNA were placed
under oil in the volume 0.003 cm’.

Thermal cycling parameters were as follows: 95 °C for 3 min,
followed by 35 cycles of 94 °C for 30 s, 65 °C for 30 s, 72 °C for
30s; and a terminal extension step of 72 °C for 4 min. Negative
control was a non-pathogenic E. coli strain.

Electrophoretic analysis of PCR products. Analysis of amplifica-
tion products was performed by separation of DNA fragments in a
1.5% (w/v) agarose gel with containing 0.5 pg/em’ ethidium bromi-
des (Sigma, USA). Electrophoresis was performed at a constant
voltage of 10 V/em to confirm the presence of the amplified DNA.
Location of obtained DNA stripes and their registration was perfor-
med by using gel documentation system "Molecular Image Gel Doc
XR+" (BioRad, USA).

Results

Modifying of PCR for identification of stx1, stx2 and intimin (eae)
genes in isolated STEC. For the modifying of PCR for detection and
identification of Shiga toxin-producing E. coli in beef and swine
carcasses, first we performed research on the products received in
PCR with oligonucleotide primers specific to the toxin gene stx1, stx2
and intimin (eae), which are pathogenicity markers for STEC.
To design specific oligonucleotide primers, gene sequences in the
databases GenBank, EMBL (European Molecular Biology Library),
DDBJ (Japanese database nucleotide sequences) and PDB sequences
were analyzed. As a basis, the following sequence had been selected:
AB647443, AF022236, BA000007, ECOSTLII, AB647559,
AB647430, AB647374, AB334567, AJ308552.1, AB647553.1,
DQ523611.1, AB647374.1, HI9BSLTA, KF771380.1, AB647493.1,
AB647432.1, AB647437.1, AB647449.1, DQ523603.1, AB647365.1,
EU700490.1, EF441598.1, EF441588.1.

As a basis, we have chosen a pair of oligonucleotide primers for
the detection of E.coli O157:H7, which had been developed by Putta-
lingamma et al. (2012). We found that aforementioned primers
contain palindromes and loops, and they influence the formation of
numerous homo- and heterodimers that generally affect the specificity
of the reaction. Simultaneous use of these primers in PCR multiplex
option is not effective. The correct choice of oligonucleotide primers is
very important because it determines the effectiveness and reproduci-
bility of PCR.

The first task in the development of PCR was to improve the
current method of detecting DNA of Shiga toxin-producing E. coli
(STEC) by changing the composition of nucleotide sequences in
primers for amplification of specific nucleic acid fragments. The de-
veloped primers could be used also in multiplex variant for detection
of specific DNA fragments (stx1, stx2 and eae) of Shiga toxin-
producing E. coli (STEC) in the samples.

Primer specificity was confirmed in test strains of heterological
microorganisms Salmonella enterica, Listeria monocytogenes, Bacil-
lus anthracis, Campylobacter jejuni, Pasterella multocida and Yersi-
nia enterocolitica. To evaluate specificity and sensitivity of the reaction,
optimal annealing temperature of the primers was determined (Fig. 2). To
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determine the sensitivity of the developed primers, 10-fold serial dilu-
tions of purified bacterial DNA were prepared. Concentration of puri-
fied DNA was determined with a spectrophotometer. Sensitivity for
eae gene of 0145 strain was 0.220 and 0.021 ng for genes stx1 and
stx2 of O157 strain.

Results of isolation and identification of E. coli from samples.
Among the 230 swabs, a total of 97 E. coli isolates (42.2%) with
typical cultural properties (blue colonies) was isolated by using
commercial medium “Compact Dry” for isolation of E. coli in Petri
dishes. The study was conducted on 62 isolates from the surfaces of
beef and 35 isolates from swine carcasses (Table 1). More positive
samples were detected from surfaces of beef (47.7%) than from swine
carcasses (35.0%).

Table 1
Results of isolated E. coli from the examined samples (n =230)
Sample type No. ;{:;;{:ated N(S)'ar]i;)slglsve Percentages, %
Swabs from beef 130 62 47.7
Swabs from swine 100 35 35.0
Total 230 97 422

These 97 isolates were further subjected to polymerase chain
reaction (PCR). Multiplex PCR was used for detection of three target
genes stx1, stx2 and eae in 97 E. coli isolates. Only 7 E. coli isolates
(7.2%) had at least one of 3 genes. Most of the isolates (6/85.7%,
5/71.4%) carried the stx1 or/and stx2 genes and only one isolate had
the eae gene. Fragments of positive result of detection of PCR products
of fragment gene of stx2 and gene eae are shown on Figure 2.

R L1711
l

1 2 3 M 4 5 6

Fig. 2. Detection of PCR products of fragment gene of stx2
and gene eae after optimization of primer annealing temperature:
M — marker “100 bp Plus DNA Ladder” (Thermo Scientific);
gene stx2— 1/ —63 °C, 2—-64 °C, 3—-65 °C;
gene eae — 4 —63 °C, 564 °C, 6—65 °C

Seven isolates (7.2%) showed presence of stx1, stx2 and eae
genes. The highest number of positive isolates was found in swabs
from beef (5 isolates, 8.1%) then the swabs from pork (2 isolates,
5.7%). Among these 7 positive isolates: 6 isolates (4 isolates from
beef carcasses and 2 isolates from swine carcasses) were confirmed
for presence of the stx1, 5 isolates (3 isolates from beef carcasses and
2 isolates from swine carcasses) were confirmed for presence of the
stx2 and only one isolate from beef carcass had a positive result for
the eae gene (intimin) (Table 2).

Table 3 presents results of combinations of virulence genes (stx1,
stx2, eae) in nine isolated strains of STEC. Three (60%) from five
isolates of STEC from Swabs from beef carcasses carried both stx1 and
stx2 genes, one isolate (20%) showed association between stx1 and eae
genes, one isolate (20%) had a positive result for stx1 genes only.

In swabs from swine carcasses stx1 and stx2 genes were present
simultaneously in 2 isolates. It was established that no isolates of
STEC showed positive results for all 3 target genes at same time. Stx1
and stx2 positive E. coli isolates were found to be predominant.
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All positive STEC isolates from swine carcasses were negative for
virulence eae genes (Table 3).

Table 2
Results of incidence of virulence genes
of STEC isolated from the examined samples (n = 97)

No. investigated Virulence genes

Sample type samples, (%) stx1 stx2 cae
Swabs from beef carcasses 5(8.1%) 4 3 1
Swabs from swine carcasses 2 (5.7%) 2 2 0
Total 7(7.2%) 6 5 1

Table 3
The combinations of virulence genes of STEC (stx1, stx2, eae)
in isolated strains (n = 7)

No. positive samples

Combination No. investigated

. swabs from swabs from
of virulence genes samples .
beef carcasses  swine carcasses
stx1+ stx2+ eae 0 0 0
stx 14 stx2 5 3 2
stx1 + eae 1 1 0
stx2+ eae 0 0 0
stx1 1 1 0
stx2 0 0 0
cae 0 0 0
Discussion

According to international epidemiological data, in all countries of
the world, cases of foodborne illness among people are increasing.
Therefore, within the framework of trade agreements between Ukraine
and European countries, food and raw food of animal origin must be
tested for safety before being shipped for export. One of the important
criteria of current microbiological safety of raw meat and meat products
(especially beef and pork) is the control of Shiga toxin-producing E. coli
(STEC), because they are food-borme pathogens that are very serious
threats to public health. STEC infection is associated with sporadic
outbreaks of clinical diseases in humans, including severe hemorrhagic
colitis, hemolytic uremic syndrome, thrombotic thrombocytopenic pur-
pura,which can even cause death (Majowicz et al., 2014; Smith et al.,
2014; Sudershan et al., 2014; ECDC, 2016).

E. coli are the most intensively studied microorganisms in the
Enterobacteriaceae family, as well as in the overall bacterial communi-
ty. Most strains of E. coli are harmless to human health, and some even
are beneficial to their host by helping in absorption of nutrients and
provide the normal intestinal microflora. However, several strains of
E. coli can be human and/or animal pathogens. Among such dangerous
strains are Shiga toxin-producing E. coli through the production of a
cytotoxin known as the Shiga toxin (Stx), or verotoxin, that is encoded
by two types of the stx gene (Stx1, Stx2) (Gould et al.,, 2013; Ray &
Bhunia, 2014; Bonardi et al., 2015; ECDC, 2016).

Shiga toxin-producing E. coli are enteropathogens which coloni-
ze the intestinal tracts of humans and animals. It is well-known that
cattle and other ruminants are considered the primary reservoir of
STEC (Jeon et al., 2013; Bonardi et al., 2015; Chui et al., 2015). The
relationship between STEC of swine origin and human illness has yet
to be determined, but some recent research data indicate that pigs also
can be a source of STEC for humans through contaminated raw meat
and products (ECDC, 2016; Bardasi et al., 2017). It is important to
note that E. coli which colonize the gastrointestinal tract of cattle or
pigs play an important role in STEC transmission to humans. (Ray &
Bhunia, 2014; Bonardi et al., 2015; Bardasi et al., 2017). During
processing, beef or swine carcasses can be contaminated with STEC
directly by feces or from contaminated hides, which threatens food
safety as carcasses are further processed into meat products (Strom-
berg et al., 2018). The contaminated raw meat and meat products are
identified as major sources of STEC strains for humans. Animal
carcass contamination by E. coli occurs through dirty skin or feces
from the intestinal tract during slaughter process at processing plants.
But the detection of STEC from different products of animal origin is

not only a reliable indicator of fecal contamination, but is also an indi-
cator of poor hygiene and sanitary conditions during their production
(Abdissa et al., 2016; Awadallah et al., 2016). Several scientific stu-
dies conducted in several countries have shown the prevalence of
STEC strains in beef, swine and their products (Collins & Boitumelo,
2014; Merwad et al., 2014; Tseng et al., 2014; ECDC, 2016; Beyi et
al., 2017; Anu et al., 2018). These studies show that the incidence of
isolation of STEC strains in beef, swine and their products vary in
different regions of the world. But there is a lack of information about
presence of STEC on beef and pork carcasses in Ukraine. Besides,
despite the fact that fewer cases of swine-associated outbreaks of
STEC infection have been reported than cattle-associated outbreaks,
we assume that swine should not be overlooked as an important
source of STEC infections in humans. The increase in STEC infec-
tion outbreaks worldwide among humans, associated with raw mate-
rial of animal origin necessitates detailed study of the sources of these
pathogens in order to develop control strategies.

Therefore, the main task of this study was to identify the presence
of STEC on the surface of beef and pork carcasses from slaughter-
house in Ukraine. Also currently in Ukraine quick and effective me-
thods for the control of STEC have not yet been developed. To modi-
fy multiplex PCR to identify of these microorganisms was the second
task of our study. The last task was to detect the main genetic
characteristics of STEC from beef and pork carcasses from slaughter-
houses in Ukraine.

In our study, the incidence of isolation E. coli was 42.2%
(97 positive isolates from 230 total isolates) in swabs from the surface
of beef and swine carcasses. Out of 97 positive isolates only seven
(7.2%) were STEC. The higher prevalence of STEC in our study was
found in swabs from beef (8.1%) in comparison with results from
pork swabs (3.0%). Our result was higher than results reported by
other researchers. In some reports STEC was detected from beef
carcass at processing plants with a lower percentage: 0.5%, 3.3%,
4.5% (Abdissa et al., 2017; Beyi et al., 2017; Anu et al., 2018). But,
the largest number of Shiga-toxin producing strains of E. coli from
samples of beef carcass was 30.0% (Omoruyi et al., 2018). As other
researchers have highlighted, pork carcasses sampled were positive in
4.1% (Colello et al., 2016). Even though these results differ from each
other, they are consistent with the assumption that beef and pork can
be potential sources of STEC.

Often, for rapid detection of the presence one or more pathogenic
factors of STEC in samples, polymerase chain reaction in multiplex
version is used. Two types of Shiga toxin, stx1 and stx2 (encoded by
stx] and stx2 genes) are bacterial virulence STEC determinants that
are associated with human disease and they are used as a markers for
multiplex PCR (Puttalingamma et al., 2012; Rantsiou etal., 2012;
Haugum et al, 2014; Hara-Kudo et al., 2016). STEC strains
producing Stx2 are considered more virulent than Stx1 producers
(Kavaliauskiene et al., 2017; Stromberg et al., 2018). Besides Shiga
toxin production, another virulence factor of STEC is known. It is a
membrane protein intimin, which causes attaching of STEC to the
intestinal epithelial cells. The eae gene codes produce this protein.
But, many experts contend that the most virulent strains of STEC have
all these genes (stx1, stx2 and eae) or other combinations (Croxen
etal., 2013; Awadallah et al., 2016; Soledad-Cadona et al., 2018).

In the basis of our task, the multiplex PCR for the detection of
stx1, stx2, eae virulence genes out of 97 isolates which were identi-
fied as E. coli by culture-dependent method (specific blue colonies on
commercial medium «Compact Dry» for isolation of E. coli) was de-
veloped and used. We synthesized six pairs of original oligonucleo-
tide primers for this method. Their homology and position on the
corresponding genes are shown in Figure 1.

In the present work, no samples showed positive results for all 3
target genes (stx1, stx2, eae) in one sample. Most of the STEC iso-
lates carried the stx1 gene (6 from 7 isolates, 85.8%) and stx1 gene
(5 from 7 isolates, 71.4%). One isolate (14.3%) carrying the eae gene
was found from one examined sample of beef carcass only. The stx1
gene was the predominant gene detected in all STEC positive samples
from beef and swine carcasses. Some authors have reported similar
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findings (Troz-Williams et al., 2012; Colello et al., 2016). But
prevalence of STEC isolates carrying virulence genes stxl, stx2,
intimin (eae) has been reported in lactating cows and in contact
workers in dairy farms at Sharkia Province, Egypt (Merwad et al.,
2014). Three isolates from swabs of beef carcass carried both stx1 and
stx2 genes, one isolate showed association between stx1 and eae
genes, one isolate had positive result for stx1 genes only (Table 3).
In contrast to this study, some results have shown that E. coli
O157:H7 was absent in raw minced beef samples in Tripoli, Lebanon
by using real-time PCR-based method (Omari et al., 2018).

Although a small number of research articles which implicate
pork as a source of human infection have been reported, the results of
these investigations consider that meat other than beef also can be
potential vehicles of STEC transmission (Troz-Williams et al., 2012).
It is important to note that in swabs from swine carcasses (2 isolates)
stx] and stx2 genes were presented. So, the results of our study
indicate that swine can be a potential reservoir of STEC strains. The
same researchers isolated from 465 not ready to eat pork samples 65
(14.0%) stx-positive E. coli: the stx2 gene was detected more fre-
quently (13.3%) than the stx1 gene (1.3%) and associations of genes
in pork samples were next: stx1+eae (0,4%), stx2+eae (8.0%) and
stx1+stx2+eae (0.7%) (Bardasi et al., 2017). At slaughter houses in
Argentina 4.1% of carcasses of swine were stx positive: 50% of isola-
tes positive for stx2 and 16.0% for stx1/stx2. (Colello et al., 2016).

Conclusion

This study is the first report on the presence of Shiga toxin-pro-
ducing strains of E. coli (STEC) in beef and swine carcasses in Ukraine.
The results indicate that fresh raw meat (beef and pork) could be po-
tential vehicles for transmission of enterohemorraghic E. coli infections
to humans since the highest prevalence these pathogenic microorga-
nisms was found in swabs from beef carcasses and swine carcasses.
These data will be valuable for microbiological risk assessment and
help authorities to develop strategies to mitigate health risk.

This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.
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Introduction

Sklyar, T. V., Lavrentieva, K. V., Gavrilyuk, V. G., Kurahina, N. V., Vereshchaha, M. O., & Lykholat, O. A. (2018).
Monitoring of multiresistant community-associated MRSA strains from patients with pathological processes of different
localization. Regulatory Mechanisms in Biosystems, 9(2), 281-286. doi:10.15421/021841

The therapy of infections, caused by methicillin-resistant Staphylococcus aureus (MRSA) with multiple resistance to
antibiotics remains one of the most acute problems all over the world. It is all the more complicated since a priori the MSRA
strains are not sensitive to the group of B-lactam antibiotics and multiresistant isolates are resistant to other groups of
antimicrobial preparations, including antibiotics of choice (rifampicin, vancomycin, fusidic acid, co-trimoxazole and
linezolid). From the samples of biomaterials of patients with pathological processes of different localization, we isolated 335
strains of bacteria, which were identified as Staphylococcus aureus, 169 (50.4%) of which were methicillin-resistant variants:
57.5% cultures were isolated from the nasal discharge; 50.7% — from faeces at intestinal dysbioses; by 40.0% — from
conjunctival discharge, pharyngeal swab, outer ear swab and sputum; 33.3% — from urine samples. Antibiotic susceptibility
of the isolated cultures was estimated by the disc-diffusion method and the method of serial dilution. The MRSA strains
appeared to be most resistant to gentamycin, erythromycin (by 59.5% of cultures) and ciprofloxacin (53.3% of isolates), most
sensitive — to vancomycin, co-trimoxazole and fusidic acid. The frequency of isolation of the cultures that are resistant to
antibiotics did not exceed 4.1%. Rifampicin suppressed the growth of 75.8% and linezolid — of 100.0% of strains. Depending
on the kind of biomaterial taken, MRSA strains, isolated from the nasal cavity, outer ear, urine samples, samples of sputum
and faeces at intestinal dysbioses proved to be most resistant to the tested antimicrobial preparations. Rifampicin- and
vancomycin-resistant strains of methicillin-resistant staphylococci made up 21.3% of the total number of the detected
MRSA. They were most often isolated from the clinical samples taken from the nasal cavity and faeces. When determining
minimal inhibitory concentration (MIC) of rifampicin and vancomycin, which are antibiotics of choice for treatment of
infections caused by multiresistant MRSA, it was found that for 55.5% of the MRSA strains isolated from faeces, MIC of
rifampicin coincided with the threshold value for this antibiotic and for 44.5%, it exceeded the threshold value by 2 times (4
ug/ml). 22.2% of them were characterized by the critical value of susceptibility to vancomycin (MIC > 2 pg/ml). From
rifampicin- and vancomycin-resistant MRSA stains, isolated from the nasal cavity, MIC of rifampicin coincided with the
threshold value for this antibiotic for 66.7% of cultures, and exceeded it at least by 2 times for 33.3%. 11.1% of them were
characterized by the critical level of susceptibility to vancomycin (MIC > 2 pg/ml) and by 3.7% of strains exceeded MIC by
2 and 4 times respectively (4 and 8 pg/ml).

Keywords: Staphylococcus aureus; rifampicin; vancomycin; fusidic acid; co-trimoxazole; linezolid

etal., 2018). MRSA are characterized by a high level of resistance to
antibiotics of different pharmacological groups — macrolides, amino-

Staphylococcus infections have become widespread lately and
they flow in a much more complicated way than 20-30 years ago
(DeLeo et al., 2010; Dhanoa et al., 2012; Ehelepola et al., 2018). They
are characterized by a considerable variety of localization of the
pathogen and clinical manifestation, which complicates their diagno-
sis (Tong et al., 2015; Hibbitts et O'Leary, 2018).

Staphylococcus aureus is one of the most common microorga-
nisms that causes a wide range of human diseases. It is capable of
affecting almost all organs and tissues, demonstrating in this case a
whole range of adaptive capabilities. However, the problem is not only
the considerable propagation range and high frequency of isolation of
S. aureus, but also the high level of its antibiotic resistance.

Methicillin-resistant strains of S. aureus (MRSA) are the most
dangerous in medical practice. In most countries (the USA, Latin
America, SAR, India and China), the frequency of their isolation is
25.0% of the total number of S. aureus strains (Oh et al., 2018; Para
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glycosides, fluoroquinolones, especially to -lactam group, including
penicillin and cephalosporin of all generations (Gostev et al., 2015;
Khan et al., 2018). Resistance of MRSA to B-lactam antibiotics is
caused by the synthesis of penicillin-binding protein (PBP2A) by
bacterial cells, which is coded by gene mecA and is characterized by
high affinity to p-lactams (Aguayo-Reyes et al., 2018; Pardos de la
Gandara et al., 2018).

Up to the end of the 1990s, MRSA strains were exclusively
pathogens of nosocomial infections. In the last decades, the morbidity
rate for MRSA-caused nosocomial infections has considerably de-
creased due to implementation of programs of infection control in
hospitals. At the same time, the community-associated strains of
methicillin-resistant staphylococci, which maintain constant circulati-
on of variants with multiple resistance to antibiotics, are found increa-
singly often (Garcia-Garrote et al., 2014; Becker et al., 2018).
Community-associated MRSA strains differ from nosocomial ones
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by genotype and phenotype and have a special IV type of Sta-
phylococcus chromosome cassette that is normally resistant to -lac-
tam antibiotics but more sensitive to fluoroquinolones and clinda-
mycin. In addition, community-associated MRSA strains differ by high
virulence, caused by synthesis of exotoxins, and, primarily, Panton-
Valentine leucocidin (Gomes et al., 2015; Bakthavatchalam et al., 2017).

For a long time, vancomycin remained the preparation of choice for
treating infections caused by MRSA strains. But in the middle of the
1990s, first in Japan then in the USA, after that in other countries of the
world, reports about more and more frequent isolation of methicillin-
resistant staphylococci with decreased susceptibility to vancomycin started
to appear: heterogeneous vancomycin-intermediate S. aureus (hVISA)
and vancomycin-intermediate S. aureus (VISA) (Howden, 2014; Gostev
et al,, 2015; Sirichoat et al., 2016; Tran & Rybak, 2018). Due to this fact,
new preparations for treating infections caused by methicillin-resistant
staphylococci were implemented to medical practice: daptomycin, linezo-
lid, ceftaroline, tigecycline. However, the resistance mechanisms of Stap-
hylococcus spp. to these antibiotics have been also described today
(Rybak et al., 2014; Miller et al., 2016; Sakoulas et al., 2017). Monitoring
of the level of resistance both to traditional preparations and to the new
ones is an important element in formation of a strategy of rational antibac-
terial therapy of infections caused by MRSA.

Based on the relevance of the topic, the aim of the research is the
analysis of the level of resistance of MRSA strains, isolated from
patients with pathological processes of different localization, to anti-
biotics of different pharmacological groups, used in clinical practice
for treating staphylococcus infections.

Materials and methods

The object of the research is samples of biomaterial from patients
with pathological processes of different localization. The subject is
antibiotic resistance of methicillin-resistant stains of S. aureus, isola-
ted from the studied biomaterial samples.

Sampling was carried out in accordance with the guidelines on
observance of sanitary-epidemiology regime in health care establish-
ments of Ukraine. Samples of urine, faeces at intestinal dysbioses,
nasal and conjunctival discharges, pharyngeal swab, outer ear swab
and sputum were used as clinical material.

The samples of the clinical material were inoculated on the blood
and yolk-salt agars. Inoculated media were controlled thermostatically
at 37 °C. After 18-24 h, microscopy of the growing colonies was per-
formed. Only the colonies in which the microscopy revealed gram-
positive cocci, arranged in the form of clusters of irregular shape, were
inoculated on differential-diagnostic media for further identification.
For the final identification of the isolated cultures, existence of such
physiological and biochemical properties as lecithinase activity,
ability to plasmocoagulase synthesis and mannitol fermentation were
additionally investigated.

Lecithinase activity was tested on yolk-salt agar. Some strains of
S. aureus formed a turbidity area around the colony, i.e. had a positive
lecithinase reaction. Further, plasma coagulating activity in the reac-
tion of blood plasma coagulation was determined. If both tests were

_45%

2.4%

9.0%

positive, the belonging of the isolated cultures to S. aureus was
proved. If the cultures had only plasma coagulation or only lecithinase
activity, the test on mannitol fermentation was conducted. S. aureus
strains, unlike other staphylococci, fermented mannitol. The percent-
tage of detection of methicillin-resistant strains of S. aureus was
determined by inoculation of isolated cultures of S. aureus on meat
infusion agar with methicillin (oxacillin) and cefoxitin.

Subsequently, susceptibility of the isolated strains of methicillin-
resistant staphylococci to a range of antibiotic drugs of different
pharmacological groups was determined using the disc-diffusive met-
hod and the method of minimal serial dilution (ISO20776-1:2006).
When using the disc-diffusion method, the standard discs with antibio-
tics were used. The spectrum of antibiotic preparations included: tetra-
cycline, ciprofloxacin, moxifloxacin, erythromycin, clindamycin, co-
trimoxazole, vancomycin, rifampicin, gentamycin, linezolid, fusidic
acid. Optical density of the bacterial suspension for each of the test
cultures, by the Macfarland standard, was brought to 0.5 before
inoculation of the medium. The content of the microbial cells was
1,5x 10° CFU/en’.

The referent method for determining susceptibility of the selected
pathogens to antibiotics is the method of serial dilution. It also allows
determination of the magnitude of minimum inhibitory concentration
(MIC) of an antibiotic relative of the tested strains. This is especially
important in isolation of multiresistant MRSA from the clinical
material. The range of antibiotics for determining MIC in relation to
multiresistant MRSA includes rifampicin and vancomycin. These
antibiotics are the preparations of choice in treatment of infections,
caused by isolates of methicillin-resistant staphylococci with multiple
resistance to antibiotics, and the situation of exceeded threshold
values to them is estimated as extremely dangerous.

When applying the method of serial dilution, the daily culture of
staphylococci was used to prepare the inoculum. The optical density of
the bacterial suspension for each of the test cultures before inoculation of
the medium was brought to 0.5 by the Macfarland standard. The con-
tent of the microbial cells was 10° CFU/cny’. Basic solutions of anti-
biotics were prepared in the concentration of 1000 pg/em® of the
tested antibiotic, from which the double dilution series in test tubes
were performed. Then, the contents of each test tube were mixed with
20 ml of meat infusion agar and poured in sterile Petri dishes. After
hardening of the medium, its surface was inoculated with the studied
bacterial culture and cultivated within 1824 h at the temperature of
37°C. Such concentration of antibiotic that caused a complete
inhibition of the growth of the test culture was accepted as MIC. MIC
for rifampicin relative to MRSA isolates was 4 pg/ml, and for
vancomycin —2 pg/ml.

Results

From the samples of biomaterial from the patients with patholo-
gical processes of different localization, 335 strains of bacteria
identified as S. aureus were selected. Most of the S. aureus isolates
which made up 160 strains that constituted 47.8% of the total number
of cultures were isolated from nasal discharge (Fig. 1).
pharyngeal swab
[Inasal discharge
Blouterearswab
Elconjunctival discharge
samples of sputum
Osamples of urine
samples of facces at intestinal disbiosis

Fig. 1. Isolation of Staphylococcus aureus strains from samples of biomaterial
from patients with pathological processes of different localization (n = 335)
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Half as many, 75 cultures (22.4%), were isolated from the faecal
samples from the patients with dysbiotic intestinal microflora disor-
ders. 30 and 25 isolates of S. aureus — 9.0% and 7.5% of the total
number of the isolated cultures, respectively — were the causes of
diseases of the outer ear and the eye conjunctiva. The smallest num-
ber of S. aureus strains were isolated from pharynx and from the
samples of sputum and urine — frequency of their isolation did not
exceed 4.5%. MRSA accounted for 50.4% out of the total number of
the isolated cultures of S. aureus. Most often, methicillin-resistant
strains were isolated from nasal discharge (57.5% of the cultures) and
faeces (50.7% of isolates). By 40.0% of MRSA strains were isolated
from conjunctival discharge, pharyngeal swab, outer ear swab and
sputum. The lowest number of MRSA isolates — 33.3% — was
isolated from the samples of urine (Table 1).

During studying the antibiotic-resistant isolated MRSA strains,
the following results were obtained (Fig. 2). They were found to be
more resistant to gentamycin or erythromycin — 59.5%. A high
percentage of resistance to ciprofloxacin was retained — 53.3%. The
isolates of methicillin-resistant staphylococci appeared to be more
sensitive to tetracycline, moxifloxacin and clindamycin. Resistance of
strains to these antibiotics made up 41.4% and 33.7% respectively.
Rifampicin suppressed the growth of 75.8% of MRSA cultures. They
appeared to be most sensitive to vancomycin, co-trimoxazole and
fusidic acid. The frequency of isolation of strains that are resistant to
these antibiotics did not exceed 4.1%. Linezolid caused a delay in the
growth of all the studied cultures.

Table 1
Isolation of MRSA strains from samples of biomaterial
from patients with pathological processes of different localization

Isolated MRSA strains, absolute

Samples of biomaterial number / % of total in samples of biomaterial

Pharyngeal swab, n=15 6/40.0
Outer ear swab, n= 30 12/40.0
Conjunctival discharge, n=25 10/40.0
Samples of urine, n =15 5/333
Nasal discharge, n = 160 92/57.5
Samples of sputum, n= 15 6/40.0
Samples of faeces, n="75 38/50.7
Total, n=335 169/50.4

It should be noted that the isolated MRSA strains differed consi-
derably by the resistance level depending on the kind of biomaterial.
MRSA strains isolated from nasal discharge appeared to be most
resistant to gentamycin (68.5% of the cultures), erythromycin
(58.7%)), tetracycline (48.9%) and ciprofloxacin (43.5%) (Fig. 3). In the
cultures from this type of biomaterial, the highest percentage of resis-
tance to fusidic acid (3.3%) and co-trimoxazole (7.6%) was observed
compared to the isolates isolated from clinical samples of other biotopes
(Fig. 3-5). MRSA isolates were characterized by a rather high level of
resistance to vancomycin and rifampicin. The number of strains that
were resistant to these antibiotics was 29.3 and 5.4%, respectively.

MRSA strains, isolated from the outer ear proved to be most
sensitive (100.0% of the cultures) to fusidic acid and co-trimoxazole,
highly sensitive — to clindamycin and tetracycline. The percentage of
the isolates resistant to the two latter antibiotics did not exceed 33.3%.
By 41.7% of methicillin-resistant strains of S. aureus showed resistance
to moxifloxacin and erythromycin. They appeared most resistant to
gentamycin and ciprofloxacin. These antibiotics suppressed the growth
of MRSA isolated from the outer ear just in 41.7 and 25.0% of the
cases, respectively. 16.7% of isolates were resistant even to rifampicin.

Erythromycin, which suppressed the growth of cultures in 16.7% of
cases, appeared ineffective relative to the strains of MRSA isolated from
the pharynx. By 33.3% of the isolates showed resistance to ciprofloxa-
cin and clindamycin and by 16.7% — to moxifloxacin, gentamycin, tet-
racycline and rifampicin. Fusidic acid, co-trimoxazole and vancomycin
were recognized as the most effective preparations since they led to
delays of the growth of all MRSA strains isolated from the pharynx.

From the samples of faeces from the patients with dysbiotic intes-
tinal microflora disorders, the highest percentage (71.0%) of resistant
MRSA isolates was recorded for ciprofloxacin (Fig. 4). Erythromycin

and gentamycin suppressed the growth of methicillin-resistant
staphylococci in 57.9% and 55.3% of cases, respectively. 47.3% of
the cultures were resistant to moxifloxacin, by 36.8% — to tetracycline
and clindamycin. A rather high percentage of resistant strains, isolated
from faeces samples, as in previous research, was retained for the pre-
parations of choice: rifampicin and vancomycin. 23.7% of MRSA
isolates have shown resistance to rifampicin and 5.3% — to vancomycin.
MRSA strains isolated from the samples of urine were found not less
resistant (Fig. 4). These cultures were found to be most resistant to
ciprofloxacin (100.0% of isolates), and erythromycin (80.0%). Genta-
mycin and moxifloxacin suppressed the growth of strains in 60.0% of
cases, clindamycin — in 40.0% of cases and tetracycline — in 20.0% of
cases. All isolated cultures were sensitive to fusidic acid, co-trimoxa-
zole, vancomycin and rifampicin.
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Fig. 2. Resistance to antibiotics of MRSA strains (%),
isolated from samples of biomaterial from patients
with pathological processes of different localization (n = 169)
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Fig. 3. Resistance to antibiotics of MRSA strains (%), isolated
from samples of nasal discharge, outer ear and pharyngeal swabs

The following results were obtained for the MRSA from sputum
(Fig. 5). All the isolates isolated strains resistance to erythromycin. The
degree of resistance of the strains of methicillin-resistant staphylococci
to tetracycline, ciprofloxacin and clindamycin did not exceed 33.3%,
and to moxifloxacin, gentamycin and rifampicin — 16.7%.

The cultures isolated from the conjunctival discharge appeared to
be the most sensitive from all MRSA isolates from the patients with
pathological processes of different localization (Fig. 5). The total per-
centage of strains resistant to antibiotics of different pharmacological
groups did not exceed 50.0%. Half of the cultures demonstrated resis-
tance only to ciprofloxacin. By 40.0% of resistant isolates were obser-
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ved in relation to erythromycin and gentamycin, respectively, by
30.0% — to tetracycline and moxifloxacin. Even lower percentage of
insensitive strains (10.0%) was noted for rifampicin. Fusidic acid, co-
trimoxazole and vancomycin proved to be most effective antibiotics
for MRSA strains, isolated from sputum and conjunctival discharge.
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Fig. 4. Resistance to antibiotics of MRSA strains (%),
isolated from the samples of urine and faeces

Analysis of frequency of isolation of resistant variants of MRSA
from different clinical samples showed that the greatest number of the
antibiotic resistant cultures were the cultures isolated from the nasal
cavity, faeces and urine samples. Methicillin-resistant staphylococci
were isolated to a somewhat lesser extent from the samples of sputum,
external ear and pharynx swabs and conjunctival discharge.

It is known that rifampicin and vancomycin are the preparations
of choice for the treatment of infections caused by strains of methi-
cillin-resistant S. aureus with multiple resistance to antibiotics. Our
findings show that a certain number of MRSA strains isolated from
the nasal cavity and faeces appeared resistant to these antibiotics.
Therefore, at the next stage of our work, we determined the minimum
inhibitory concentration (MIC) of rifampicin and vancomycin in
relations to MRSA strains that are resistant to them (Tables 2, 3).
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Fig. 5. Resistance to antibiotics of MRSA strains (%),
isolated from the samples of sputum and conjunctival discharge
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From 27 MRSA strains, isolated from nasal discharge, the value
of the minimum inhibitory concentration (MIC) of rifampicin coinci-
ded with the threshold value for the given antibiotic (4 pg/ml) for 18
of them (66.7% of cultures), it exceeded the threshold value by two
times (8 pg/ml) for 5 isolates (18.5%), for three (11.1%) — by four
times (16 pg/ml), and for one (3.7%) — by 8 times (32 pg/ml) (Table 2).
From 9 MRSA strains isolated from the faeces at intestinal dysbioses,

the value of MIC of rifampicin coincided with the threshold value and
made up 4 pg/ml for 5 cultures (55.6%), it exceeded the threshold
value by two times (8 pg/ml) for 4 strains (45.4 %).

Table 2
Isolation of rifampicin-resistant MRSA strains
(absolute number / %) with regard to MIC of rifampicin

. . MIC, pg/ml
Samples of biomaterial 7 3 T3 3
Nasal discharge, n =27 18/66.7 5/185 3/11.1 1/3.7
Samples of faeces, n=9 5/556 4/454 0/0 0/0

Table 3
Isolation of vancomycin-resistant MRSA strains
(absolute number / %) with regard to MIC of vancomycin

. . MIC, pg/ml
Samples of biomaterial ) 1 3 T3
Nasal discharge, n=5 3/600 1/200 1/200 0/0

Samples of faeces, n=2 2/1000 0/0 0/0 0/0

From five MRSA strains isolated from the nasal discharge, the
value of minimum inhibitory concentration (MIC) of vancomycin
coincided with the threshold value for the given antibiotic (2 pg/ml) for
three of them (60.0% of cultures), for one isolate (20.0%) it exceeded
the threshold value by two times (4 pg/ml), for another (20.0%) — by
four times (8 pg/ml) (Table 3). Methicillin-resistant strains of staphylo-
cocci, isolated from faeces at intestinal dysbioses also proved resistant
to vancomycin. In this case, the value of MIC of vancomycin coinci-
ded with threshold value and was equal to 2 pg/ml.

Discussion

In modern medical practice, the problem of propagation of com-
munity-associated methicillin-resistant strains of S. aureus, character-
rized by multiple resistance to antibiotics, including the preparations
of choice, is becoming increasingly relevant (Jang et al., 2009;
Marimuthu et Harbarth, 2014; Lawes et al., 2015; van Kleef et al.,
2017; Hamdan-Partida et al., 2018). According to the results of our
studies, it was found that the isolated MRSA strains accounted for
50.4% of the total number of cultures of S. aureus isolated from the
patients with pathological processes of different localization. The
obtained data prove the results, obtained by other researchers,
according to which the frequency of detection of community-
associated MRSA isolates makes up from 25.0 to 80.0% (Skov et al.,
2012; Gostev et al., 2015; Lawes et al., 2015; Sirichoat et al., 2016).

Analysis of the level of antibiotic resistance of the isolated methi-
cillin-resistant strains of S. aureus allowed us to divide conditionally
all the tested preparations into three groups according to the degree of
resistance of microbial cultures to them. The first group included the
preparations with the highest level of resistance of MRSA strains to
them: erythromycin, ciprofloxacin, gentamycin. The total number of
MRSA isolates resistant to them was more than 50.0% (53.3-59.2%).
The second group included the preparations with relatively high anti-
microbial activity: tetracycline, clindamycin, moxifloxacin. The level
of resistance of the isolated cultures to them was in the range 33.3—
41.4%. The highest antibacterial activity was shown by: fusidic acid
and co-trimoxazole, included to the third group. More than 95.0% of
the isolated MRSA strains were sensitive to fusidic acid and co-
trimoxazole, which makes it possible to use these preparations in
combination with other antibiotics for treatment of the infections,
caused by MRSA.

The isolated MRSA strains differed significantly in terms of
resistance depending on the biomaterial taken, which is possible due
to specificity of the treatment of infections of different localization.
The strains of methicillin-resistant staphylococci isolated from the nasal
cavity, outer ear swab and samples of urine appeared to be most
resistant to gentamycin; those isolated from samples of urine and spu-
tum appeared to be most sensitive to erythromycin. The MRSA strains
isolated from the outer ear swab, conjunctival discharge, samples of
urine and faeces appeared to be most sensitive to ciprofloxacin.
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Rifampicin- and vancomycin-resistant strains of methicillin-resis-
tant staphylococci were most often isolated from the clinical samples
taken from the nasal cavity and faeces at intestine dysbioses. But,
despite the fact that only 24.2% of the isolates were found resistant to
rifampicin and 3.0% — to vancomycin, it is necessary to refer them to
a separate group of preparations according to the degree of resistance
of the microbial cultures to them, since rifampicin and vancomycin
are the first preparations of choice for the therapy of infections caused
by multiresistant isolates of methicillin-resistant staphylococci (Zhang
et al., 2015; Zheng et al., 2018). On this basis, when isolating the
MRSA strains that are resistant to vancomycin and rifampicin, it is
necessary to determine MIC of these antibiotics in relation to the
studied isolates of methicillin-resistant staphylococci.

It should be noted that a decrease in susceptibility to rifampicin is
considered by some researchers as a predictor of formation of resis-
tance to glycopeptide preparations and, above all, vancomycin, which
ranks first among the drugs of choice for the therapy of the infections,
caused by multiresistant MRSA strains. According to the literature,
resistance to rifampicin is associated with mutations in the regulatory
proB gene that encodes B-subunit of RNA-polymerase. It is believed
that it is this gene that participates in formation of vancomycin-resistant
variants (Howden et al., 2014; Li et al., 2016; Brinkman et al., 2017).

Since the mid 1990s, reports about the circulation of MRSA strains
with decreased susceptibility to vancomycin — VISA, hVISA and
VRSA —started to appear. The latter are characterized by a high level of
resistance (MIC > 64 pg/ml) and are found rarely (only 20 isolates in
the world were described) as a result of acquisition by staphylococci of
resistance determinants from enterococci. VISA and hVISA are
distinguished by low-levels of MIC (4-8 and 2—4 pg/ml, respectively),
but are spread widely enough (Howden, 2005; Appelbaum, 2007).

The research, carried out by us, revealed 55.5% MRSA strains
from the faeces of patients with dysbiotic intestinal microflora
disorders, for which MIC of rifampicin coincided with the threshold
value for this antibiotic and 44.5% — with the excess of the threshold
by 2 times (4 pg/ml). 22.2% of them were characterized by the
critical level of susceptibility to vancomycin (MIC > 2 pg/ml). From
rifampicin- and vancomycin-resistant MRSA cultures, isolated from
the nasal cavity, MIC of rifampicin coincided with the threshold value
for this antibiotic for 66.7% of them and exceeded the threshold at
least by 2 times for 33.3% of them. 11.1% of them were characterized
by the critical level of susceptibility to vancomycin (MIC > 2 pg/ml)
and by 3.7% of the strains exceeded MIC by 2 and 4 times,
respectively (4 and 8 pg/ml). This is consistent with the data, obtained
by other researchers (Tremblay et al., 2013; Gostev et al., 2015).

Thus, the obtained results of evaluation of the level of antibiotic
resistance of MRSA strains, as a whole, and to preparation of choice
(rifampicin and vancomycin) with regard to their MIC, in particular,
prove the necessity of the strict control over the frequency of isolation
and propagation of community-associated methicillin-resistant strains
of S. aureus with the aim of limiting their circulation among the
population, development of measures to prevent an increase in
resistance to antibiotics and introduction of the new therapy standards.

It should be noted that all MRSA strains isolated by us appeared
sensitive to linezolid. According to the results of the monitoring
studies, linezolid is characterized by a significant clinical efficiency
relative to MRSA, compared to rifampicin and vancomycin. It has a
wide range of actions and demonstrates high activity in relation to
aerobic and anaerobic gram-positive microorganisms, including
methicillin-resistant staphylococci and enterococci (MRSA and
MRSE). Therefore, it can be regarded as an alternative preparation for
the treatment of infections caused by multiresistant MRSA strains.

Conclusions

In our study of samples of biomaterial from the patients with
pathological processes of different localization, we isolated 335 strains
of bacteria identified as S. aureus, out of which methicillin-resistant
strains composed 50.4%. Most often, MRSA were isolated from
nasal discharge (57.5% of the cultures) and faeces of patients with

dysbiotic intestinal microflora disorders (50.7% of isolates). By
40.0% of MRSA strains were isolated from the conjunctival
discharge, pharyngeal and outer ear swabs and sputum. Their smallest
number (33.3%) was isolated from the urine samples.

MRSA strains appeared most resistant to gentamycin, erythro-
myecin (59.5% of the cultures) and ciprofloxacin (53.3% of isolates).
They appeared most sensitive to vancomycin, co-trimoxazole and
fusidic acid. The frequency of isolation of the cultures that are
resistant to these antibiotics did not exceed 4.1%. Linezolid caused a
delay in the growth of all the studied isolates.

The isolated MRSA strains differed significantly by the resistance
level depending on the kind of the biomaterial taken. The MRSA
strains isolated from the nasal cavity, outer ear swab, samples of
urine, sputum and faeces appeared to be most resistant to the tested
antimicrobial preparations.

Rifampicin- and vancomycin-resistant strains of methicillin-
resistant staphylococci (21.3% of the total number of MRSA) were
most often isolated from the clinical samples taken from the nasal
cavity and faeces at intestinal dysbioses. When determining the MIC
of rifampicin and vancomycin, which are antibiotics of choice in the
treatment of infections caused by multiresistant MRSA, it was found
that MIC of rifampicin coincided with the threshold value for this
antibiotic for 55.5% of MRSA strains from the faeces of patients with
dysbiotic disturbances of the intestinal microflora and exceeded the
threshold value by 2 times (4 pg/ml) for 44.5% of them. 22.2% of
them were characterized by the critical level of susceptibility to
vancomycin (MIC > 2 pg/ml). From rifampicin- and vancomycin-
resistant MRSA strains, isolated from the nasal cavity, MIC of
rifampicin coincided with the threshold value for this antibiotic for
66.7% of the cultures and exceeded it at least by 2 times for 33.3% of
the cultures. 11.1% of them were characterized by a critical level of
susceptibility to vancomycin (MIC > 2 pg/ml) and by 3.7% of the
strains exceeded MIC by 2 and 4 times, respectively (4 and 8 pg /ml).
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Introduction

Vorobets, M. Z., Fafula, R. V., Besedina, A. S., Onufirovych, O. K., & Vorobets, D. Z. (2018). Glutathione s-transferase
as a marker of oxidative stress in human ejaculated spermatozoa from patients with pathospermia. Regulatory
Mechanisms in Biosystems, 9(2), 287-292. doi:10.15421/021842

It is believed that the most common causes of male infertility are impairment of spermatogenesis and sperm
functions. Glutathione S-transferases (EC 2.5.1.18) play an important role in sperm physiology, specifically in
antioxidant protection against oxidative damage. The catalase decomposition of lipid hydro-peroxides forms as a result
of oxidative stress. We used a model of superoxide anion-generating system Fe®'/ascorbate or H,0,-induced stress to
study the activity of glutathione s transferase in human ejaculated spermatozoa from patients with pathospermia and
products of lipid peroxidation (TBARS) as a marker of oxidative stress. In the present study, dose dependent increase in
the level of lipid peroxidation was observed for treatment with Fe’*/ascorbate or H,O,. The TBARS level was higher
for sperm cells incubated with superoxide anion-generating system Fe*'/ascorbate than for H,0,. GSTs activity
increased in spermatozoa treated with increasing concentration of superoxide anion-generating system Fe®'/ascorbate
and H,O. We found that both Fe**/ascorbate and H,0, displayed similar inhibitory effects on sperm GSTs activity,
however H,O, at low concentrations activated enzyme activity only in normozoospermic samples, which can be
explained as a defence response to oxidative stress. The time course of incubation with 100 uM H,O, showed a sharp
decrease in the enzyme activity during the first 5 min of incubation for both normozoospermic and pathozoospermic
men. Preincubation of spermatozoa with GSH completely prevented the ROS-induced inhibition on GSTs only in
normozoospermic samples. On the other hand, in pathospermic samples protectory effect of GSH was observed only
against non-radical (H,O) radical, but not against radical (superoxide anion-generating system Fe**/ascorbate) species.
The results of our study showed higher oxygen-free radical production, evidenced by increased TBARS level in
spermatozoa obtained from infertile men than normozoospermic men. The inhibitory effect of the radical (superoxide
anion-generating system Fe®*/ascorbate) species on sperm GSTs activity and products of lipid peroxidation in sperm
cells of fertile and infertile men were more expressed compared to non-radical (H,0) species. Our results indicate that
estimation of sperm GSTs enzyme assays can be used as a bioindicator for impaired male fertility. The obtained results
argue for a biological role of sperm GSTs in susceptibility of spermatozoa to oxidative damage and maintaining sperm
antioxidant status.

Keywords: glutathione S-transferase activity; lipid peroxidation; antioxidant protection; sperm cells; pathospermia;
male infertility

produced by human spermatozoa. The main sources of endogenous
ROS in semen are both abnormal spermatozoa and leukocytes

Infertility is one of the most serious medical and sociodemographic
problems worldwide. Approximately 30-40% of infertility cases are
caused by male factors (Buzadzic et al., 2015; Esteves et al., 2015).
Dramatic increase in male infertility over the last decades has been
observed. Male infertility is a heterogeneous disorder which is
associated with different genetic and environmental factors contribu-
ting to impaired spermatogenesis. The pathophysiology of male
infertility is related to the cascade of molecular and biochemical
processes which are reflected in abnormal semen parameters, for
example sperm concentration, motility, morphology etc. (Hesham
et al., 2008). Oxidative stress-induced sperm damage is considered as
a significant contributing factor in 30-80% of all cases of male
infertility (Esteves et al., 2011). It is well recognized that oxidative
stress is induced by high levels of reactive oxygen species (ROS).
Physiological levels of ROS are required for sperm hyperactivation,
capacitation, acrosome reaction etc., however excessive levels of
ROS can negatively affect functions of sperm cells. ROS can be

(Sakkas et al., 2003). ROS include radical (O, and HO™) and non-
radical species (H,0,), with quite different stabilities and reactivities
(Halliwell, 2007). These properties will depend on whether they are
generated in a soluble or membrane-associated cell fraction and their
targets for oxidation and mechanisms may be different (Halliwell
etal., 2007; Letelier et al., 2010).

Since spermatozoa have to pass through different reproductive
tract fluids in order to reach the oocyte, the exposure to ROS is high
because of the presence of immune cells in the reproductive tract
(Ball etal., 2005). In comparison to somatic cells, the ejaculated
human sperm cells, as aerobic cells are highly sensitive to high levels
of ROS or ROS-generated products since they are rich in unsaturated
fatty acids on their plasma membrane (Storey, 2008; Aitken et al.,
2012). To counteract the damaging effect of ROS, sperm cells have
extensive antioxidant defence mechanisms. One of the defence
systems against the oxidative stress in spermatozoa is the glutathione
S-transferases (GSTs; EC 2.5.1.18) which detoxify electrophilic com-
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pounds. GSTs are the intensely investigated conjugation enzymes.
Enzymes are multifunctional proteins ubiquitously expressed in most
living organisms which catalyze glutathione (GSH, a tripeptide
v-Glu-Cys-Gly) conjugation with different toxic substrates provided
with an electrophilic center (Hayes et al., 2005; Sahoo, 2011). GSTs
play an important role not only in detoxifying electrophilic xenobio-
tics, but also in inactivation of secondary metabolites produced as a
result of oxidative stress (Nissar et al., 2017). Since GSTs plays a
critical role in defence mechanisms against oxidative stress in all life
forms, GSTs activity also has been widely used as a biomarker to
detect stress (Farombi et al., 2007). There is evidence that genetic
variation in the glutathione S-transferase influences individual suscep-
tibility to disease associated with oxidative stress (Onaran et al., 2001).

We used a model of superoxide anion-generating system Fe**/as-
corbate or H,O,-induced stress to study the activity of glutathione S-
transferase in human ejaculated spermatozoa from patients with pa-
thospermia and products of lipid peroxidation as a marker of oxida-
tive stress.

Materials and methods

Patients. 32 infertile men with pathospermia (oligozoospermia,
asthenozoospermia, oligoasthenozoospermia) were involved in this
study. Exclusion criteria: azoospermia, genital infection, subjects with
infertility lasting over 10 years, chronic illness and serious systemic
diseases, smokers and alcoholic men (because of their well-known
high seminal ROS levels and decreased antioxidant activity which
may affect GSTs). Subjects currently on any medication or
antioxidant supplementation were not included in the study. Control
group — 10 healthy men with proven fertility (married for 3—10 years and
have healthy 1-3 children) and normozoospermia. Semen samples
were obtained by masturbation following 3—5 days’ abstinence from
sexual activity. Samples were collected into sterile containers. After
liquefaction (at 37 °C with 5% CO, in air), semen samples were
examined for spermogram parameters (volume, pH, sperm concentra-
tion, morphology and motility according to World Health Organization
guidelines, 2010).

Ethical approval. All the men involved read patient information
leaflets and gave informed consent to participate in the study. Terms
of sample selection meet the requirements of the principles of Con-
vention of Europe Council on Hhuman Rights, the Helsinki
Declaration on Protection of Human Rights and Biomedicine and the
laws of Ukraine. Approval for study was taken from the ethics
committee of Danylo Halytsky Lviv National Medical University
(Ethical Committee Approval, protocol No 6 from March 29, 2017).

Cell preparation. Spermatozoa were washed from semen plasma
by 3 times centrifugation in media (pH 7.4) which contained (mM):
120 NaCl, 30 KCl, 30 Hepes (3,000 g for 10 min). The total protein
content in the samples was determined by Lowry method using a kit
to determine its concentration (Simko Ltd.). Determination of lipid
peroxidation products and GSTs enzyme activity were carried out on
permeabilized spermatozoa. The detergent saponin was added to
sperm suspension for permeabilization of sperm membranes (final
concentration 0.5%) (Vorobets et al., 2008).

The aliquots were subjected to exogenous ROS stimulation with
superoxide anion-generating system Fe®*/ascorbate or H,O, (37 °C,
5% CO,) at different concentrations (50, 100 and 500 uM) (if nothing
else is indicated). Sperm samples without exogenous ROS served as
control in the study. Also, when indicated, reduced glutathione
(5.0 mM GSH) was present during the ROS-treatment.

GSTs Enzyme Assay. The activity of glutathione S-transferase was
determined spectrophotometrically using enzyme-catalysed conden-
sation of glutathione with 1-chloro-2,4-dinitrobenzene as an electro-
philic substrate. The product formed (2,4-dinitrophenyl-glutathione)
absorbs light at 340 nm with an extinction coefficient of 9.6 mM/cm.
The reaction mixture in a volume of 3 mL contained 2.5 mL of 0.1 M
potassium phosphate buffer (pH 6.5), 0.2 mL of 15 mM CDNB and
0.3 mL of 30 mM GSH, as enzyme source. The reaction was initiated
by glutathione.

Lipid peroxidation. Peroxidative damage was estimated spectro-
photometrically by the assay of thiobarbituric acid reactive substances
(TBARS) and expressed in terms of nmole of malondoialdehyde
(MDA) formed per mg protein (Timirbulatov et al., 1981).

Statistical analysis. The results are presented as the mean + stan-
dard error (M + SE). Analysis of variance (ANOVA) was used to com-
pare the difference in the means between studied groups. Differences
were considered statistically significant at P < 0.05 for all analyses.

Results

The present study analyzes the effect of the radical (superoxide
anion-generating system Fe**/ascorbate) and non-radical (H,O) spe-
cies on sperm GSTs activities and lipid peroxidation products in
sperm cells of fertile and infertile men.

Lipid peroxidation products in response to oxidative stress. Dose
dependent increase in the level of lipid peroxidation was observed on
treatment with Fe**/ascorbate or H,O, (Fig. 1). For normozoospermic
samples, the increase in the TBARS level was significant for the dose
of ROS higher than 100 pM used in the experiment compared to
untreated sperm cells. However, for pathospermic samples the
increase in the TBARS level was significant for all doses of ROS.
As can be seen from Figure 1, the TBARS level was higher for sperm
cells incubated with superoxide anion-generating system Fe®*/ascor-
bate than for H,0,.

To establish whether products of lipid peroxidation did affect
sperm, normozoospermic and pathospermic sperm samples were
incubated with exogenious Fe**/ascorbate or H,O, and GSTs activity
of the spermatozoa was recorded (Fig. 2). This experiment shows that
the byproducts of lipid peroxidation generated by Fe**/ascorbate or
H,0, treatment caused decreases in sperm GSTs activity in dose
dependent manner. However, in normozoospermic samples low
concentrations of H,O, (50 uM) induced activation of sperm GSTs
activity to 144% (P < 0.01) in comparison with untreated cells. For
similar concentrations of Fe*'/ascorbate a significant decrease in
GSTs activity was observed, particularly in pathospermic samples.
The residual GSTs activities remained in both normo- and
pathospermic samples. Similar results were obtained for sperm cells
of patients with oligoasthenozoospermia (data not shown).

Also, sperm cells were incubated with 100 uM anion-generating
system Fe**/ascorbate or H,O, at different times and then GSTs
activity was determined (Fig. 3). The time course of incubation with
100 uM H,0, showed a sharp decrease in the enzyme activity during
the first 5 min of incubation for both normozoospermic and pathozoo-
spermic men. The residual GSTs activities remained in normo- and
pathospermic samples after 15 min of incubation with both anion-
generating system Fe*'/ascorbate and H,O,.

It is known that thiol groups in GSTs enzymes can be protected
by pre incubation with its cofactor GSH because the redox-reactive
cysteine residues may be located in the region for GSH binding
(Cheng et al., 2001). In order to evaluate this protective effect, we
investigated whether pre-incubation (20 min) of the spermatozoa with
the cofactor GSH affects GSTs activity under oxidative stress. As can
be seen from Figure 4, the pre-incubation of spermatozoa with GSH
completely prevented the ROS-induced inhibition on GSTs only in
normozoospermic samples. On the other hand, in pathospermic
samples, the protective effect of GSH was observed only against non-
radical (H,O) radical, but not against radical (superoxide anion-
generating system Fe**/ascorbate) species.

Discussion

It is believed that the most common causes of male infertility are
impairment of spermatogenesis and sperm functions. The factors
contributing to abnormal sperm functions leading to infertility are not
fully understood (Said et al., 2005). Oxidative stress in spermatozoa is
one of the factors related to male infertility (Joffe, 2010; Garrido et al.,
2004). The purpose of the present study was to evaluate the effects of
the radical (superoxide anion-generating system Fe®'/ascorbate) and
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non-radical (H,O) species on TBARS levels and GSTs activity and in
spermatozoa of fertile and infertile men. Previously, the increased
TBARS level and decreased GSTs activity in spermatozoa obtained
from infertile men were reported by our laboratory. We have shown
that TBARS level in spermatozoa of men with oligozoospermia, aste-
nozoospermia, oligoastenozoospermia and leucocytospermia was sig-
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nificantly higher than in normozoospermic samples (Fafula et al.,
2017). As a result of the correlation analysis we found an inverse
correlation between TBARS content in spermatozoa in infertile men
and the number of sperm cells in the ejaculate, their motility, which
indicates direct pathogenetic link between the level of lipid peroxi-
dation and decrease in fertility potential (Fafula et al., 2017).
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Fig. 1. Effect of superoxide anion-generating system Fe*'/ascorbate () and H,0, (M) on the TBARS level in spermatozoa of normozoospermic
(@) and asthenozoospermic (b) men. Sperm cells were incubated for 5 min at 37 °C as described in “Material and Methods”. Data are presented
asx £ SE. *— P <0.05; *** — P <0.001 compared to untreated cells; #— P < 0.05; ##— P <0.01 compared to cells treated with H,0,.
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Fig. 2. Effect of superoxide anion-generating system Fe*'/ascorbate () and H,0, (b) on the GSTs activity of spermatozoa
of fertile and infertile men. Sperm cells were incubated for 5 min at 37 °C as described in “Material and Methods”. Data are expressed
as the percent residual GSTs activity considering 100% the activity assayed in the absence of ROS. Data are presented as x + SE
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Sperm cells were incubated with 100pM Fe*'/1 mM ascorbate or H,O, as described in “Material and Methods™. Data are expressed
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Fig. 4. Effect of superoxide anion-generating system Fe**/ascorbate, H,O, and GSH on the GSTs activity of spermatozoa of normozoospermic
(@) and asthenozoospermic (b) men. Data are expressed as the percent residual GSTs activity considering 100% the activity assayed in the
absence of ROS. O — control, O — Fe**/ascorbate, O — Fe*'/ascorbate + GSH, B — H,0,, B — H,0, + GSH. Data are presented as x + SE.
**_P<0.01; ***—P<0.001 compared to untreated cells; # — P < 0.05; ## — P <0.01 compared to cells treated with Fe**/ascorbate
or H,O, without GSH
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Here in the present study an increase in the TBARS levels was
found in spermatozoa treated with increasing concentration of Fe*'/as-
corbate or HyO,. Peroxidation of membrane lipids is an indicator of oxi-
dative stress experienced by the cells. It is known that the malondialde-
hyde level (evaluated as TBARS) reflects the amount of lipid damage
due to ROS attacks (Monaghan et al., 2009). Since ROS are able to
oxidize lipids in spermal membranes, the lipid peroxidation status of the
sperm was checked with TBARS formation, which are the end products
of lipid peroxidation.

GSTs are currently investigated conjugation enzymes. The physio-
logical role of GSTs has been studied in several papers. They serve as
bifunctional molecules in a transcriptionally inactive cell whose
requirement for cellular defense and economy of molecules that it can
carry is greater than that of any somatic cell type (Hemachand et al.,
2002). GSTs play an important role in sperm physiology. Specifically,
sperm GSTs are important in antioxidant protection in spermatozoa
against oxidative stress since infertile men with a null genotype for
GST-Mul have spermatozoa with significant oxidative damage (Ayde-
mir et al., 2007). It was shown that GSTs polymorphisms were not
associated with sperm quality in humans, however only GSTT1 was
associated with decreased sperm concentration (Olshan et al., 2010).
Also it was shown that GST M1 null genotype predisposes sperm to
increased oxidative damage in patients with varicocele (Chen et al.,
2002; Tang et al,, 2012).

Here in the present study, dose dependent decrease in the GSTs
activity was found in spermatozoa treated with increasing concentra-
tion of H,O, and Fe**/ascorbate. However, in normozoospermic sam-
ples low concentrations of H,0O, (50 uM) induce activation of sperm
GSTs activity in comparison to untreated cells, which can be explain-
ned as a defence response to oxidative stress. The decrease of GSTs
activity in higher ROS concentrations indicates the depletion of
compensatory mechanisms in normo- and pathospermic samples.
Preincubation of spermatozoa with GSH completely prevented the
ROS-induced inhibition on GSTs only in normozoospermic samples.
This suggests that GSH partially protects the Na',K'-ATPase from
inhibition under experimental oxidative stress.

There are some limitations to the present study. First, our control
group (normozoospermic men with proven fertility) and pathosper-
mic patients contained a highly heterogeneous population, with large
variations in spermogram parameters and infertility histories. Second,
it is therefore essential to validate our findings with greater sample
sizes and to determine the disease specificity (secretory or excretory
infertility, varicocele or others) by comparing spermogram parameters.
Nevertheless, the present study extends previous work and provides
further evidence of decreased GSTs activity in pathospermic samples.

The present study clearly demonstrates the functional role of
sperm GSTs in protection against oxidative stress and provides an
insight into possible defects in the functioning of the GSTs in sperm
that may lead to impaired male fertility. The obtained results argue for
a biological role of sperm GSTs in susceptibility of spermatozoa to
oxidative damage and maintaining sperm antioxidant status.

Conclusions

The results of our study showed higher oxygen-free radical pro-
duction, evidenced by increased TBARS level in spermatozoa obtain-
ned from infertile men than normozoospermic men. The inhibitory
effect of the radical (superoxide anion-generating system Fe®'/ascor-
bate) species on sperm GSTs activity and lipid peroxidation products
in spermatozoa of fertile and infertile men were more expressed com-
pared to non-radical (H,0) species. Our results indicate that estima-
tion of sperm GSTs enzyme assays can be used as a bioindicator for
impaired male fertility.

The publication contains the results of studies conducted under the President of
Ukraine’s grant for competitive projects (project No @63/97-2016 from
10.08.2016 “Molecular biological regulatory mechanisms of disturbance of
fertilizing ability of spermatozoa and the development of new immuno-
biochemical diagnostic methods of fertility in men” of the State Fund for
Fundamental Research (The President's Order No 97/2016-pm, April 13, 2016).
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The regulation of plant growth and development under application of antigibberellin compounds is accompanied by
changes in the donor-acceptor system that in turn affects the accumulation and redistribution of carbohydrates and nitrogen-
containing compounds. We studied the influence of tebuconazole 0.025% (EW-250) and 0.05% and 0.07% esphon (2-CEPA)
on growth processes, leaf apparatus and content of various carbohydrate forms and total nitrogen content in vegetative organs
of tomato hybrids Bobkat and Solerosso. A field-based micro-trial setup was established from 2013 to 2017. The plants were
treated via foliar spraying with aqueous solution of retardants at the time of initiation of budding. Phytometric measurements
were determined every 10 days, the content of various carbohydrate forms and total nitrogen in organs of plants was
determined by using biochemical methods in a fixed dry material (the content of sugars and starch — by iodometric method,
and the total nitrogen content — by Kjeldahl). It was found that both retardants reduced the linear growth of tomato plants. The
results indicate that 2-CEPA treatment significantly decreased the plant height of both hybrids. Application of drugs increased
the number of leaves per plant. The leaf dry matter weight increased, the most significant effect was created by EW-250. The
leaf area of the retardant-treated tomatoes hybrid Solerosso increased and decreased in the hybrid Bobcat. Application of
antigibberellin compounds intensified the outflow of sugars and remobilization of starch in roots and stems of both tomato
hybrids. The content of starch, reducing and non-reducing sugars in leaves of hybrid Solerosso was higher after EW-250
treatment. 2-CEPA increased the content of reducing form of sugars, and EW-250 increased non-reducing form in the hybrid
Bobkat. EW-250 intensified the accumulation of carbohydrates in fruits due to reducing sugars in both tomato hybrids,
whereas 2-CEPA reduced their content compared with control. Growth inhibitors increased the starch content in fruits at the
beginning of vegetation and intensified its reutilization at the end. This process was most intensive was in variant of EW-250-
treated plants regardless of hybrids. We proved that there was a clear tendency to decrease the ratio of sugar content to starch
in almost all organs of both tomato hybrids during the growing season. The most significant was the reduction of this ratio
after EW-250 treatment. At the fruitification phase, the proportion of starch in retardant-treated plants increased compared to
the control. The increased accumulation of carbohydrates in tomato fruits treated with EW-250 caused an increase in the
average weight of the fruit. We have found that the total nitrogen content in vegetative organs decreased in the control and in
the experimental variant of both tomato hybrids during vegetation. EW-250 accelerated the outflow of total nitrogen from
roots and stems and increased its content in leaves. This drug retarded the accumulation of this element in fruit. Such changes
in the dynamics of total nitrogen under the influence of tebuconazole resulted in enhanced formation of fruit on tomato plants.
We concluded that the antigibberellin compounds EW-250 and 2-CEPA due the action on growth processes and leaf
apparatus of tomato plants, changed the character of donor-acceptor relation through an increase in outflow of plastic
substances from vegetative organs to fruits, which optimized the crop production.

Keywords: Solanum lycopersicum; antigibberellin compounds; leaf apparatus; sugar; starch; total nitrogen; productivity

JAuHaMika HAKONMYEHHS TA Mepepo3noAily pi3Hux ¢GopM BYIJIeBOIIB Ta a30Ty
B OPraHax poc/JIMH TOMATIB 3a Jil peTapIaHTiB

B. B. Poray, O. O. Kpagerts, O. L. byitna, B. I'. Kyp’sta

Binnuyvkuii 0eparcasnuii nedaeociunuii yHisepcumem imeni Muxaiina Koyrobuncokoeo, Binnuys, Yxpaina

Perysitiist pocTy Ta pO3BUTKY POCIIHH 3a JONOMOIOI0 aHTHTIOEPEITIHOBUX MPENapariB CYIPOBODKYETHCS 3MIHAMH Y JIOHOPHO-AKIENTOPHIN CUCTEMI,

IO BIUIMBAE HA HAKOIUYECHHS Ta MEPEPO3NO/LT OCHOBHHX IUIACTIYHIX PEUOBHH (BYITICBOAIB i a30TyMicHUX cronyk). Jocmimkysam BB 0,025%
TeOykonazony (EW-250) ta 0,05% i 0,07% ectory (2-XE®DK) Ha pocToBi mporiecy, TUICTKOBHH arapar Ta BMICT Pi3HUX (OpM BYITIEBOIIB 1 3arabHOTO
a30Ty y BEreTaTMBHUX opraHax TomariB riopuaiB bookar i Comepocco. [TosboBi apiOHOAUIHKOBI Aociiau 3akianami B 2013-2017 pokax. Pociixn
00pobIs y asy OyToHI3alll BOJHUMHI PO3UYMHAMH PETApIaHTIB 3a JONOMOIOI PAHIIEBOrO OOHpUCKyBaya. DiTOMETpHYHI MOKA3HUKH BH3HAYAIH
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koxHi 10 116, BMIiCT pi3HHX (OpM BYIIEBOAIB 1 3arajbHOrO a30Ty B OpraHaxX POCIMH BH3HAYAIM OIOXIMIYHMMH METOJaMH Y (DIKCOBAaHOMY CyXOMy
Matepiani (BMICT I{yKpiB i KpOXMAIIIO BH3HAYATH HOJOMETPHYHIM METOJIOM, a BMICT 3arajbHOro a30Ty — MeronoM K’enmbram). OOuaBa npenapatu
3MEHIITYBaM JTiHIAHI po3Mipu pociuH Tomati. HaiicyTreiie 3MeHIIICHHST BUCOTH B 000X TIOpUIiB crioctepiramu micist 3actocyBanHs 2-XEDK.
TpenapaTy 301bIIYyBaH KUTBKICTB JIMCTKIB HAa pociHi. Maca Cyxoi peuoBHHH JIMCTKIB 3pocTaiia TUIbKH micist 00podku EW-250. Inorua nucTkiB 3a i
perapraHTiB 3poctana y riopuay Corepocco Ta 3MeHIyBaiacs y riopuay boOkar. 3actocyBaHHs aHTHTIOEpETiIHOBIX MPENApaTiB MOCKIIOBANIO BIITIK
IyKpiB Ta PEYTHIN3AIII0 KPOXMAIIO 3 KOPIHHI Ta cTeben 000X ribpuaiB TomatiB. Y ymcTkax Tidpumy Conepocco BMICT KPOXMAIO, PEAyKyIOUHX i
HepeIyKyuHX IyKpiB CTaB BUILMM Ticis 3actocyBanHss EW-250. Y riopuny Bookar 2-XE®DK 3ymoBiroBana 301IbIICHHS BMICTY PEIyKyHO4HX (HopM
1ykpis, a EW-250 — nepenykytounx. EW-250 nociioBaB HakOIU4YEHHs! LyKpiB y IUI0AAX 32 PaXyHOK peIyKytouux Gpopm B 000X riOpHiB TOMATIB, TO/
sk 2-XEDK 3HmKyBana iX BMICT HOpIBHSHO 3 KOHTpoJeM. IHriGiTopd pocTy MiBHIyBaIM BMICT KPOXMAIIO Yy IUIOJAX HA IIOYATKy Bereramii Ta
iHTeHCH(iKyBaIi HOro peyTitizaliio Hanpukidii. Hadimsumire ne BinOyBamocs micias o0poOku pociun Tomatie EW-250 HesanexHo Bif ridpuy.
Brponorxk Bereraliii Crioctepiraii TEHACHIIO JI0 3MEHIICHHS BITHOIICHHS CYMH LYKPIB IO KPOXMAIIO MPAKTUYHO B yCiX OopraHax o0ox riopuiB
ToMmariB. HaiicyTTeBile 3MEHIICHHS 1IbOTO CITBBIIHOLICHHS 3adikcoBaHO micist 00poOku pociaun ToMarie EW-250. Ilin yac nosiBM IUIONIB yacTka
KPOXMAJIIO Y POCIIHH, L0 3a3HaJIM Jii perapanTiB, Oysa OLIbLIO, HDK Y KOHTpodi. [TocuieHe HAKOMYEHHS BYIVICBOJIB ILIOAMH POCIMH TOMATIB,
00po6ernx EW-250, 3yMOBHIIO 3pOCTaHHSI CepeIHBOI MacH OIHOTO IUI0Y. Brpomo:k Bereratii BitOyBaocs: 3MEHILICHHS BMICTY 3arajbHOrO a30Ty y
BEreTaTHBHUX OpraHax sk y KOHTPOJi, TaK i B IOCIIi B 000X riopuiB Tomaris. EW-250 npuiiBuaiiyBas BiTiK 3aralbHOTO a30Ty 3 KOPiHHI Ta cTeden i
30LIBLIYBAB HOT0O BMICT y JIMCTKAX. 3a il TPUa30JI0BOro Mperapary BiOyBaIocs yIOBUIbHEHHS! HAKOIIMYEHHS [IOT'0 €JIEMEHTa Y IuIofiaX. Taxi 3MiHH y
JIHAMIII 3arajlbHOrO a30TY 32 BIUIMBY TeOYKOHA30Iy 3yMOBHIIM MOCHJICHY 3aKIIaJIKy IUIOAIB HA POCIMHAX TOMaTiB. AHTHTiOepesiHoBi mpenapatu EW-
250 ta 2-XE®K, BrutiBaroum Ha pOCTOBI MPOLIECH Ta JIMCTKOBHIA arapat POCIIMH TOMATIB, TIOCHIIFOBAJIM BIITIK MIACTUYHHUX PEUOBHH BiJl BETCTATUBHHX
OpraHiB JI0 IUIOAIB, 110 MiIBUIIYBAJIO MPOIYKTHBHICTH KYJIBTYPH.

Kiouoei cnosa: Solanum lycopersicum; aHTATiOepeiHOBI IpeTIapaTy; JIICTKOBHH arapar; IyKpH; KpOXMallb; 3arajJbHHH a30T; IPOLYKTHBHICTD

Beryn

BuBueHHs 3aKoHOMIpHOCTEH ()yHKITIOHYBAHHS JOHOPHO-AKIIET-
TOPHOI CHCTEMH POCJIMH 1 PO3POOJICHHSI 3aCO0IiB €K30TCHHOT PeryJIsiil
MEPEMIIIICHHS TIOTOKIB aCUMUJISTIB, CIPSIMyBaHHs 1X JO0 TOCHomap-
CBHKO-B)KJIMBUX TKAHWH 1 OpPraHiB — aKTyaJbHi 3aBaHHs Cy4acHOi
¢itodizionoril. 3acTocyBaHHS pETapIAHTIB Ta CTHIICHIPOIYLICHTIB
Jla€ MOXK/IMBICTh 3MIHIOBaTH HAIPYXEHICTh JIOHOPHO-aKIENTOPHOI
CHCTEMH POCIIMHU BHACIIIOK PEryJiLii IpoLeciB pocTy, HOTOCHH-
Te3y Ta Mepepo3IoNiTy MOTOKIB INIACTUYHUX PEUOBHH 13 BETETATHB-
HHX OpraHiB Ha IIoTpeOn KaproreHe3y ((hopMyBaHHS Ta PICT IUIOAIB),
0 B KiHIEBI METi ONTHMI3y€e NMPOMYKIIHHMHA TIpoIeC y CUILCHKO-
TOCIOaPChKHX KyIbTyp (Singh et al., 2017).

Y pocnuH 6araty 00poOKa TPHA3OJOXIIHIM PETapIaHTOM TaK-
1100y TPa30JI0M 3yMOBITIOBAJIA 3POCTAHHSI IUIOLL JIMCTKOBOI ITOBEPXHi
Ta MiIBHUIIYBAla BMICT PEIyKyIOUHMX 1 HEPeOyKYIOUMX IyKpiB Y
mmctkax Ha 3,8%. 3a mii mpenapary TakoX 3pOCTaB BMICT JESKHX
AMIHOKHCIIOT 1 TiIBHIIyBajacs MPOAYKTUBHICTE KynbTypu (Yoo-
yongwech et al., 2017). O6poOka makio0yTpa3oaoM POCIIHH MaHIO
30UIBIIIYBaJIa BMICT YCiX ()OpM IyKpiB Y IIOJAX 1 MiABHIIyBaja BPO-
KaitHicTh KyneTypH (Sarker et al., 2016). Leit sxe npenapat miaBu-
IIlyBaB BMICT BYIJICBOJIB Y pociuH pucy (Xiang et al., 2017). 3acto-
CyBaHHS TIaKJI00YTpa3oily Ha POCIMHAX KaHOMM y (asy OyToHizarii
raJbMyBaJIO POCTOBI NPOLECH Ta MOCHJIIOBAIO HAKOIIMHYEHHS PO3-
YUHHHX IyKpiB, CaXapo3H Ta KPOXMAIIO y cTe0Max 1 Iioaax 3 OHo-
YaCHUM 3MEHIIICHHSM iX BMICTY B KOpiHHI. PeTaprmanT migsuiryBas
e(heKTUBHICTD yTWII3alii BYIVIEBOAIB POCIMHAMH, IO ITO3HTUBHO
BIUTMHYJIO Ha yposkaitHicTh KynsTypu (Hua et al., 2014). Inmmm tpu-
Q30JIMOXITHIM TPETapaToM — YHIKOHA30JI0M — OOpOOJISUTH HACIHHS
coeBuX 0006iB. CriocTepiraiy 3MEeHILICHHI IO JIUCTKOBOT IIOBEPXHI
Ta MiBUIIEHHS MPOayKTUBHOCTI KyisTypu (Yan et al., 2015). 3a xii
LBOTO YK PETapaHTy BifOyBaIOCs 30UIBIICHHS BMICTY KPOXMATIO Y
pocmuH Landoltia punctata (Liu et al., 2014).

3acTocyBaHHS CyMilli MaKIOOyTpa3oidy Ta XJIOPMEKBATXJIOPHIY
Ha POCIIMHAX NMAKUTHHII OaraTopidHOi 3MEHIITyBaIO JiHIHHI po3MipH
POCIHH, 30UIBLIYBATIO Macy CHPOi Ta CYXOl PEYOBHHHM POCIHHH. 3a
BIUTMBY CyMIILlli pETap/IaHTiB 3pOCTaB BMICT CyMH ITyKpIB Ta 3MEHILLY-
BaBcst BMicT kpoxmaimo (Kasem & Abd El-Baset, 2015). Perapnantn
XJIOPMEKBATXJIOPHJT 1 MAKIO0YTPa30JT MiZIBUIIYBAIA BMICT CaXapo3u
B ncTKax il (Zheng et al., 2012). Wang et al. (2016) BcraHoBUH,
L0 XJIOPMEKBATXJIOPH/ HPHUIIBHAIILYBAB BIATIK PO3UMHHUX ILIYKPiB
B/l JIUCTKIB [0 IUIOAIB Y POCIHH KyKypyI3d Ta 30LIbIIYyBaB BMICT
OUIKIB y X nucTKax. Llei ke perapmaHT 30UTBITyBaB BMICT pemyKy-
I0YHX IyKpIB 1 KpoxMaio y Oyms0ax kaprorut (Koteswara Rao et al.,
2017). 3pocTaHHsT BMICTY pO3YMHHHX IyKpiB i aMiHOKHCIOT 3a Jii
XJIOPMEKBATXJIOPHJTY CIIOCTEPIraay TAaKOXK Y Ca/PKaHIlB THKIO JIBO-
nonateBoro (Zhang et al., 2013). 3acTocyBaHHsI IperiapaTy [UKOLEIb
Ha POCJIMHAX KOHOIUTI 3yMOBITFOBAJIO 30UIBILICHHSI BMICTY PeIyKyrO-
YUX IyKpIB Y JIMCTKAaX YOJIOBIYMX POCIMH MOPIBHSHO 3 KOHTPOJEM

(Sardoei et al., 2014). L{pkorens Takox 30LTbIIYBaB 3arajIbHAI BMIiCT
LYKPIB 32 paxyHOK penyKyrourx ¢GopM y pociuH BuHorpary (Kum-
bar et al., 2017).

BrumiB aHTHTriOEperiHOBYX IIperapaTiB OB’ s3aHHuil i3 ABOMa (i-
sionorivanmMu edekramu. Bonn a6o iHriOyroTe cuHTE3 ribepeniny —
TpuasonmnoxiaHi Ta oHieBi npenapatu (Rademacher, 2016), abo x
OJIOKYIOTh YTBOPEHHSI TOPMOH-PELIENITOPHOrO KOMILIEKCY, TOOTO Hi-
BEJIIOIOTh BILUIMB Y)K& CHHTE30BAaHOTO TiOepertiHy, — eTHICHIIPOIY-
LICHTH Ta T1Apa3uHIOXiqHI crionyku (Zemlyanskaya et al., 2016).

Jlist MOXimHUX TPUA30ILy Ha PiCT OCHOBHX OpPraHiB POCIIHH OB -
3aHa 3 NPUTHIYEHHSIM aKTUBHOCTI €HT-KaypeHCHHTETA3H Ta iHri0yBaH-
HsM OlocHHTe3y TiOepeliHiB y TPhOX JIAHKAX IIOTO IPOLECY: Ha CTa-
Iii mepeTBOpeHHs repaHirepaHionmudocdary B xonamimipodoc-
¢ar i Hajganm B eHT-KaypeH, K 1 JesKi YeTBepTHHHI aMOHI€Bi coui
(Radamacher, 2016). KpiM 115010, TpHa3oNmoxiaHi npenapaTty mpu-
THIYYIOTh IIEPETBOPEHHSI CHT-KaypeHy B €HT-KaypPeHON, eHT-Kaype-
HOJIy Yepe3 eHT-KaypeHalb B KaypeHOBY KHCIIOTY, LIO 3abe3nedye
HaJI3BIYAITHO BECOKY Ta CTaOUTbHY peTapaHTHy aKTUBHICTb CTOCOB-
HO pOcCTy cTe01a Ta MPOPOCTaHHs HACiHHs Oaratb0X POCIIHMH 3a paxy-
HOK NPUTHIYEHHS aKTHBHOCTI o-amita3u (Radamacher, 2016).

Jlist eTHJICHNPOIYIICHTIB TIOB’s3aHa 3 OJIOKYBAHHSIM YTBOPCHHS
TOPMOH-peLenTopHoro komuiekcy. To0To erwien 3anobirae criomy-
YEHHIO TOPMOHA 3 PELIENITOPOM, UMM iHTiOye Jifo ribepemniHoBol Kic-
JIOTH, 1, SIK pe3yJIbTarT, MPUTHIYY€e POCTOBI MpoLecH. AJie, Ha BiIMiHY
Bi/I OHI€BHIX TIpENIaparTiB, TPHA30MIB Ta IUXJIOPI300yTHPATIB, CTUIICH-
TIPOAYIEHTH IIBUIKO PO3KIANAIOTHCSA Ta MAIOTh KOPOTLIMHA Yac il
(Radamacher, 2016).

@DOTOCHHTETHYHA HPOYKTUBHICTh POCIIHH YIPOIOBX BereTarii
BBa)KAETHCSI OCHOBOIO (DYHKIIIOHYBaHHSI JOHOPHO-AKIEITOPHUX Bil-
HOCHH Y CHCTEMI «JIETI0 aCHMUIITIB — picT». Y POCIMH KOHIIEIILIis
JIOHOPHO-aKLIENITOPHHUX BiTHOCUH BU3HAYAETHCS CUCTEMOIO MPSAMHUX 1
3BopoTHHX 3B’513KiB (Yu et al., 2015), ne nporecu oTocHHTE3y CITy-
T'yIOTh OCHOBHUM JIOHOPOM, a IIPOLIECH POCTY Ta BiIKJIAJaHHS Pedo-
BUH Y 3arac — akienropamu acumuritis (Kiriziy et al., 2014).

IMix acuminsiTaMy MaroTh Ha yBasi Pi3HI CHOTYKH aCHMLIbOBa-
HOT'O POCIIMHOIO Y HpoLeci (JOTOCHHTE3Y BYIJIELIO, Y HEpIIy depry
TPAHCIIOPTHI Ta 3aracarodi GopMH BYTIEBOIIB, SIKI BBXKAIOTh OCHO-
BOIO CHEPreTUYHUX i MeTabOJIYHUX IIPOLIECIB, a TAKOXK «OyIiBeNb-
HUM MarepiajioM» y poLIEecax POCTy Ta PO3BUTKY Ha BCiX PIBHSX Op-
ranizauii pocnuHHOro opranizmy (Kiriziy et al., 2014). Bizomo Ta-
KOJX, IO 3aIlaCHi PEYOBHUHH PI3HMX THIIIB BiirparoTh BOKIMBY POIIb
Oyepa MK (POTOCHHTE30M (SIK «IDKEPENIOM) aCUMLUIATIB) 1 pOCTOM
CTPYKTYPHOI PEUOBHHHU BEICTATHBHMX, 3aIlaCal0uMX 1 PErnpoIyKTHB-
HHX OpraHiB (K «CTOKOM» aCHMUIATIB, IO BI3HAYAE IEBHOIO MipOIO
HE3aJIeKHICTh POCTOBHX MPOIIECB Bl (hotocuHTesy) (Singh et al., 2017).

TToTy)XHUM «aTparyBaibHAM» LICHTPOM B OHTOTEHE3I POCIHH
BHCTYIIA€ KaproreHes — rnpouec pocry ta GopMysanHs miofis. [Tpu
[[bOMY BHKOPHCTOBYIOTh HE JIMIIIE HOBOYTBOPEHI 3aBISIKH (hOTOCHH-
Te3y BYIJIEBOZIH, 4 | THMHYACOBO JCTIOHOBAHI Y BEI€TATHBHUX OpraHax
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LyKpH Ta KPOXMaJlb. AHaIII3 JITEpaTypHUX aHHX CBIIUMTB, IO MiJ] 4ac
3aCTOCYBaHHSI PETAPIAHTIB Y JIMCTKAX IOCIIIHMX POCIHH yTBOPIO-
€ThCs1 OLITBIIA KUTBKICTh BYTJICBOIB, SIKi HAKOIIMYYIOTBCS Ta YTBOPIO-
10Th HOTYKHUH pe3epB IUIACTHYHUX CIIONYK, IO BUKOPHCTOBYIOTHCS
U151 hOpMYBaHHS MILTHOTO cTe0Na, 3aKTaIaHHs OUTBIIONO Yrciia TOB 1
TOJIMIIICHHS. BPOYKAHOCTI KyJIBTYpH. 3pOCTAaHHS IPOXYKTUBHOCTI
CUIBCBKOTOCTIONIAPCHKHX KYJBTYpP 32 BIUIMBY IHTIOITOpIB riGepertiHy
Binmivarm Ha oBoueBHX (Pavlista, 2013; Yooyongwech et al., 2017),
mionosux (Sarker et al., 2016), omiiinux (Hua et al.,, 2014; Sardoei
etal., 2014) i 3epH0o6000BUX (Yan et al., 2015) kybTypax.

V siteparypi NpakTUYHO BiACYTHI JaHi PO MOPIBHSHHS BIUTUBY
AHTHUTiOCePeNiHOBUX TperapaTiB i3 pi3HUM MeXaHi3MOM il Ha Jiero-
HyBaJIBHY aKTHBHICTh BET€TaTUBHHX OpraHiB. ToMy Mera IpOro go-
CITIPKEHHS — OLIHITH OCOOJIMBOCTI HAaKOIMIMYEHHS Ta TIEPEPO3IOILTY
PpizHEX (hOpM BYTJICBOAIB Ta 30Ty YHPOJOBK BETeTallii B POCIIHAX,
paitonoBanmx st Jlicocterny ribpumax TomariB bookar i Conepocco
3a z1ii TeOyKoHa30iTy Ta ecoHy.

Marepian i MeToau K0CTiKEHD

JIng BUBYEHHS BIUTHBY aHTHTIOEpENIHOBUX IIperapariB TeOyKo-
Hazonmy (EW-250) Ta echony (2-XE®DK) Ha MopdoreHes i mpomyk-
THBHICTb CepeJHFOPAHHBOIO AETEPMIHAHTHOTO TiOPHTy TOMATIB TOJI-
JaHIChKOI cenekiii boOkar monboBi ApiOHOIUITHKOBI JOCHTIAN 3a-
xianam Ha 3emiiix COI™ «beprkan I1I» c. ['opbaniBka BinHuipKroro
paiiony Binnmpkoi obnacti y Bererauiiini nepiogu 20132015 po-
kiB. Hacinus TomariB Ha po3camy BuciBami y mapuuku 03.03.2013,
05.03.2014 i 10.03.2015 p. Poscamy Bucamxysamu 08.05.2013,
10.05.2014 Ta 15.05.2015 p. crpiukoBuM criocodoMm 3a (opmysoro 80 +
50 + 50 x 50. Brecenns minepamsHux 100puB NsoP4oKsg. [Tnoma
JUIHOK — 33 M, IOBTOPHICTD — I’ SITHKPATHA.

BB perapaHTiB Ha picT, PO3BHUTOK 1 ypOXKaifHICTB TiOpuity
TomariB Coyepocco BHBYAIM HMOJIOBUM IPiOHONUITHKOBHUM METO-
noM Ha 3eMisix COI™ «Cornbebkuity, ¢. Biavpki XyTopy BiHHAIB-
Koro paifony Binxuipkol obnmacti y Bererawiiiti nepiomu 20152017 po-

Taomuusa 1

KiB. HaciHHs TOMAaTiB yJITpapaHHBOTO JETEPMIHAHTHOTO TiOpHiy
TOMAaTIB routanzchkoi cenekuii Conepocco Ha poscaiy BUCIBATIH Y
napruku 02.03.2015, 05.03.2016 i 12.03.2017 p. Po3caxy Bucamky-
Bamm 18.05.2015, 22.05.2016 i 27.05.2017 p. cTpiukoBHM CHIOCOG0M
3a opmymoro 50 + 50 + 50 x 50. BaeceHHS MiHEpaIbHUX JOOPUB
NisoPoKso. Thnowa sismok — 33 M2, TIOBTOPHICTb — IT’ ITUKPATHA.

Pocmam 06po6sm BpaHI 3a JIOOMOTOI0 PAaHIIEBOTO OIIPHC-
xyBada OII-2 no nosHoro 3mouyBanss JHCcTKIB 0,025% pozurHOM
teOykoHazony Ta 0,07% posumHoM econy y ¢azy Oyromizamii
14.06.2013, 17.06.2014 ta 19.06.2015 p. y pociuH ribpuny bobkar
Ta 0,025% pozunnom TeGykoHazomy Ta 0,05% pozunHoM ecdony y
(azy Oyronizauii 06.06.2015, 16.06.2016 Ta 29.06.2017 p. y pociaux
riopuny Conepocco. KOHTposbHI pocIMHN 0OIPUCKYBAIN BOIOKO.

DiToMeTpHUYHI TIOKAa3HHUKH (BUCOTY POCIIMH, Macy CyXOl PEUOBH-
HH OKPEMHX OPTaHiB Ta IUI0] POCIMHM) Bu3Hadamy Ha 30 pociiHax.
BwmicT 1ykpiB i KpoXMaITio BU3HAYAIM HOTOMETPHYHIM METOZIOM, a
BMICT 3arajpHOro asory — meronoM K’emppams. IloroproBaHicTh
OioxiMiuHUX JocTimkens — 15-kpatHa (AOAC, 2010). ¥V tekcri, Tad-
JULEIX 1 Ha Tpadikax HABEICHO CepeaHbOapH(METHYHI 3HAUYCHHS Ta
ix cranmaptHi noxuOku (SE). Pesynbratit 00po0ssui CTaTHCTUYHO
3a JormoMororo mporpamu Statistica 6.0. 3actocoByBam omHO(DaK-
TOPHMIA JMCIepCiiiHuil aHami3 (BIIMIHHOCTI MDK CEpeIHIMHI 3HAYCH-
HsMH o0umcIroBai MetoioM ANOVA, 1X BBaKaJIM BipOTiTHIMH 32
P <0,05) (Van Emden, 2008).

Pe3yabTatn

PerapmanT TeOyKoHa301 i €THICHNPOIYLICHT eC)OH 3yMOBIIIO-
BaJl 3MiHM aHATOMO-MOP(OJIOTIYHUX Ta OlOXIMIYHHMX TOKA3HHKIB
riopuniB TomatiB boOkar i Conepocco. IIpenapatu ramsMyBanu Jii-
HiltHMIT picT nocmimHux pocimH. HalicyTTeBinme 3MeHIICHHS BUCOTH
B 000X riOpHAiB CIIOCTEpIraay Micis 3acTocyBaHHs echory (Tadm. 1).
V¥ ribpuny BoOkar Bucota pocimH Oyna MEHILO0, HDK Y KOHTPOJ, Ha
42,8%, a y riopuny Conepocco — Ha 12,9%. 3a nii TeOykoHa30y Jii-
Hil{Hi pO3MIPH POCIIMH 3MEHILyBAJIMCS, BiOBIHO, Ha 13,3% 14,7%.

BB ecgony Ta TeOyKoHa30ITy Ha JIMCTKOBUIA arapat pocive ToMaris riopumiB bookar i Corepocco
(thaza mouatKy m03piBaHHs IUIOMIB, cepeHi AaHi 3a 2013-2015 poku y ribpumy Bodkar i3a 20152017 poku —y ridpumy Conepocco; n= 30, x + SE)

) C— T'iopu bobkar T'i6pun Comepocco
KOHTPOJIb 0,07% echor  0,025% TebykoHason KOHTPOJIb 0,05% echon  0,025% TeOykoHa3on
Bucora pociinn, cm 67,5+1,82 38,6 +1,57** 58,5+ 1,74%* 49+1,17 39,1 +1,09** 428+1,14
KibKiCTb JIMCTKIB Ha POCIIHHI, ILIT. 66,5+2,12 53,2+ 1,75%* 73,3 +247* 81,8+2,16 97,9 +2,23%%* 93,4 +2,86%*
Maca cyxoi pe4OBHHH JIUCTKIB, T 54,3 +£2,66 31,241,32%* 59,1+2.81 373+1,03 32,54+ 0,86%* 433 +1,25%*
Tl10mma JIMCTKiB, cM 11115+431 6037 +288** 9 878 £407* 6975+ 162 7 605 + 189* 10226 +291%*

Tpumimxa: * —P < 0,05, ** —P < 0,01, *** —P < (0,001 nOpiBHSHO 3 KOHTPOJIEM.

JIMCTOK — OCHOBHMIA JIOHOP aCHUMIIITIB, SIKM MOCTa4ae iX 10
BCIX IHIIIMX OPraHiB i MPsIMO BIUIMBAE HA BMICT BYIJICBOAIB Y Berera-
THBHUX 1 FHEpPaTHBHHUX OpraHax POCIMH. AHaJII3 KUIBKICHHX ITOKa3-
HUKIB, SIKi XapaKTepU3yIOTh JINCTKOBHI amapar, BKasye Ha Te, LI0
TeOYKOHa30J1 3yMOBJIIOE 1X 3pocTanHs. Y riopumay boOkar mpemnapar
30UIbLIYBaB KUIBKICTh JIMCTKIB Ha pociuHi Ha 10,3%, a Macy cyxoi
PpedoBHHH JIMCTKIB — Ha 8,9%. Y ribpumy Conepocco BkasaHi IOKa3-
HHKH 3pOCTaJId, BiANOBimHO, Ha 15,5% 1 16,2% (Tabm. 1). Echon mo-
CTOBIPHO 3MEHIIyBaB y TiOpuay BoOKar sk KUIBKICTB JIMCTKIB, Tak i
Macy ix cyxol pedoBuHH, Tofi SIK y ribpumy Conepocco KUIBKICTB
JIMCTKIB Ha POCIIMHI 3pocTasa, ajle Maca iX CyXol pe4OBUHH JOCTOBIp-
HO 3MeHITyBanacs. Y ToMari riopumny bobkar oOuyBa anTHribepeni-
HOBI IpenapaTy 3MEHIIYBAIIH IUIOLLY JIHCTKOBOI OBEPXHi, TOZI SIK Y
riopuny Corepocco — 30UTbIIYBaIIH, 110 MOXKHA TTOSICHUTH COPTOBH-
MH OCOOJMBOCTSIMH LIX POCIIHH.

3Bakar0uH HA 3MiHU JIUCTKOBOT'O anapary POCIHH TOMATIB ITiCIIs
00pOOKH PEryJsITopaMy POCTy, ONUTEHO BHBYMTH OCOOJIMBOCTI Ha-
KOIMYEHHS Ta MePEepO3NOALTY PI3HUX (OPM BYITIEBOAIB MK OpraHa-
MH POCITHH TOMATiB B OHTOTCHE31. YTIPOJIOBXK BEreTAIlIIHOrO Mepio-
Iy CrOCTepiray 3MEHILICHHSI BMICTY BYTJICBO/IIB Y BEr€TATHBHIX Op-
ranax riopuais bookar i Conepocco 5K y KOHTpOI, TaK i y AOCHia-
HuX BapiaHTax. KibKiCTh LyKpiB 3MEHIIyBajacs 3a paxyHOK peiy-
Kytounx ¢opMm. OmHOYacHO BinOyBasocs HAKOMMYCHHS IyKpiB y

IUIOZAX SIK y KOHTPOJI, TaK 1 32 00poOKK aHTHTiOEpeTiHOBUMH TIpe-
naparamu. BMicT KpoxMaiio npy 1ibOMy TIOCTIHHO 3HWKYBABCS SIK Y
BErCTAaTHBHMUX, TAK 1 y TeHEPaTUBHKX opraHax (puc. 1).

V winomy, 3arajeHUIT BMICT LyKpiB y KOpiHHI Ta cTe0Jax CTaB
BuimM y ridpuny Cornepocco, a y JIHCTKaxX 1 mwiofax — y Tiopumy
Boobkar. I'iopun Conepocco Bia3HAYABCs MiIBUILICHAM BMICTOM Ca-
Xapo3u B opraHax. ¥ kopiHi riopumy Comepocco 3a fii echoHy Ta
TeOyKOHA30ITy BiIOYBAIOCS HAKOIMYECHHS ITyKPIiB 1 KPOXMAIIO B IEp-
I1il TOJIOBHHI BereTanii Ta MOCHICHUH, MOPIBHSHO 3 KOHTPOJIeM, iX
BIITIK — y zipyTiit. VY riopumy BoOkar ymicT IykpiB Ha ITOYaTKy Bere-
Tallil 3MCHIITyBaBCs, @ HANPHKIHII — MPAKTHYHO HE BiPI3HSBCS Bij
KOHTpOI0. BMicT kpoxmMaitio B KopiHHI ToMaTiB Tibpuy boOkar i
Yac 3aCTOCYyBaHHsA OOOX IIPErapariB CyTTEBO MEPEBHILYBAaB KOH-
Tposb. Bunmii BMicT nosmicaxapuy 3adikcoBanuii 3a 00poOKu TeOy-
KOHA30JI0M.

AmHarti3 BMICTY LyKpiB y crebnax riopumy Conepocco CBiT4HTb,
110 3aCTOCYBAHHS AHTHUTiOEePeTiHOBUX MperapariB MOCIIIOBATIO Ha-
KOIMYEHHsI IYKPiB 32 PaXyHOK INEPEBAKHO PERyKylounx (opMm y
TepILIii ITOJIOBHHI BereTaryi Ta iHTeHCH(iKyBao X BifTIK O IUIOMIB —
y npyriit. HaiinokazoBime 1ie BifOyBaocst micist 0OpoOKH pOCINH
TeOyKoHa300M. JiHaMika BMICTy KPOXMAIIIO y LIbOTO TOpHY SIK Y
KOHTPOJI, TaK i y BapiaHTax i3 perapiaHTaMH He BiI3Hadanacs cra-
OLTBHICTIO YIIPOZIOBXK BEreTallil.

Regul. Mech. Biosyst., 9(2) 295
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Puc. 1. BB antrribeperntiHOBHX NpenapaTiB Ha BMICT pi3HHX (opM BYTIEBOIB B OpraHax pocivH TomariB riopumis bookar i Comepocco:
cepenHi Tpupiuni gaHi 3a 2013-2015 poxn y ribprmy bodkar i 3a 2015-2017 poku — y riopumy Conepocco; n= 15, x + SE;
a — KOpiHHSL, 6 — cTe0Na, 6 — JIUCTSL, & — IIoNH; { — KOHTPOb, /1 — econ, //] — TebykoHaszom; I — nata 00pookw, 2 — 10-ta, 3 —20-Ta,

4 —30-ta, 5 —40-Ba 106a micist 00pOOKH;

V ridpuny BoOkar ec(hoH crpusB HAKOIMYESHHIO IKPIB y CTE0-
Jax, a Te0YKOHA30J1 MIOCHITIOBAB iX BIATIK BiJ] OCLOBOTO BEICTATHBHO-
0 OpraHa JIo Oprauis 3armacy. BMicT kpoxMaitio y crebrax craB MeH-
LIMM, HDK y KOHTPOJII, & iHri0ITOpy poCTy MOCHITIOBATN HOTro peyTH-
JH3arLio 31 creben.

TaribiTopu ribepeniHy 3MEHIITyBaIM BMICT I[yKpiB Y JIUCTKAX TO-
MatiB Tiopuny Comepocco y ¢asy HBITIHHS Ta CIPHSUTN IX HAKOIH-
YeHHIO y a3y 3awmamanHsa mwiomi. [lin gac dopmyBaHHS IUIONiB
BMICT ITyKpIB y JINCTKAX 3HOBY 3HIDKYBABCSI HIDKUE KOHTPOJIBHOTO 32
BIUTMBY SIK THJICHIIPOAYLICHTA, TaK 1 TPUA30JIIOXiTHOTO Hperapary.
V uinomy 3a¢ikcoBaHO BHILHI BMICT PEIyKYIOUMX LYKpiB Ta caxa-
PO3H B JIMCTKaX MiCIIs 3aCTOCYBaHHs TeOYKOHA30Ty MOPIBHSHO 3 ec-
(oHOM 1 KOHTpOJIeM. AHTUTIOSPEITiHOBI IperapaTy HOCHITFOBAIN Ha-
KOITMYCHHST KPOXMAJTFO B JIUCTKAX HA MOYATKY BEreTALiHOTO Iepio-
Iy Ta CTIOBUIGHIOBAIIM HOTO BiATIK HaNpuKiHLi. HafBummii ymicT mo-
Jicaxapyy 3a(hiKCOBAHO B JIMCTKAX ITCIIST 3aCTOCYBAHHSI TéOyKOHA30ITy.

Mu BCTaHOBMIIM 3MEHILICHHS BMICTY ITyKpIB y JINCTKAaX Y JOCIIiAL
Ta KOHTpOJI YNponoBX Bererarii B ribpuny boOkar. Ha mouarky
BereTallil TeMIM peyTwiizamii penyKylounx IyKpiB i3 JIHCTKIB
riopuny BoOkar Oyu MIBUIIINMMHE, a y APYTii MOJOBHHI YIIOBUTHHHU-
JIHCS, 1 HABITh CIIOCTEPIranocsi HAKOMMYCHHS POAYKTIB acHMUTSLIT
3a paxyHOK peayKyourX (OpM LyKpiB MICIs 3aCTOCYBaHHS eC(HOHY
Ta 32 paXxyHOK caxapos3u micisi oOpoOku TeOykoHazomom. [lix gac
BereTallil BifOyBaacsi peyTwi3amis KpoXMamo B JmcTkax. Echon
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— Cyma LyKpiB,

— PEMIKYOUi [TKDH, @=== — KPOXMATTh

YIIOBUIGHIOBAB I1e MPOLIeC Y POCIMH TOMATIB (Ha BiMiHy BiJ TeOy-
KOHA30J1y Ta KOHTPOJIIO, MK SIKUMH 32 TeMITaMH TiIpoJIi3y Ioicaxa-
PHILY TOCTOBIpHOI Pi3HHMII He 3a(iKCOBAHO).

JUi1st po3ymiHHS 1iporieciB GOpMyBaHHS BPOXKAIO POCIUH TOMATIB
HEOOXiTHO 3’5ICyBaTH OCOONMBOCTI HAKOMIMYEHHS Ta TEPEepONOILTY
pi3HHEX (GopM BYIJIEBOAIB y IIoAaX. PesynpraTty Hamx AOCTIIHKEHb
CBIJ[UaTH, IO 32 Jii TeOyKoHa30:Ty B 000X ribprIiB TOMATIB IHTEHCH-
(hikyBaBcst IpoIeC HAKOIMYEHHS IyKPIB TIepeBaXKHO 3a PaxyHOK pe-
nykyrounx opm. [Ticis 3actocyBanHs ec()OHY BMICT IYKPIB 1 TEMITH
X HAKOITMYCHHSI CTAIIH HIDKYAMH 33 KOHTPOJIBHI.

IHribitopr pocTy HiBHILYBaIM BMICT KPOXMAIIO Yy IUIOJAX HA
MOYaTKy Bererauil Ta iHTEHCU(DIKyBaIM HOro peyTHIT3aliio HapH-
kinni. Halimsume ne BinOyBaocs micist 00poOKH pOCIIHH TOMATIB
TeOyKOHA30JIOM HE3AJIC)KHO BifI TiOpHUITy.

Yrponosx Bererarlii MpOCTiAKOBYBaIacs TEHACHIS 10 3MEH-
IICHHS BIHOIICHHS CyMH IYKpiB J0 KPOXMAJIIO NPAKTHYHO B yCIX
BETeTaTUBHUX OpraHax 00ox riopuais Tomaris. HaicyTresime 3men-
IIEHHSI [IHOTO CITIBBIHOLICHH 3ahikcoBaHe Iiciist 00poOKH ToMaTiB
TeOYKOHA30JI0M. 3a BIUMBY eC()OHY NOKa3HHUKH HE BiI3HAYAIKCS
crabinpHicTio. TakoXk y IUIOAax OOCHIAHWUX POCIHH MPAKTHIHO
YIIPOJIOBXK YCHOTO TIEPiofy BereTalii CriocTepiraay 3HIKEHHS CITiB-
BIIHOIIICHHA CyMa ITyKpiB / KpoXMailb. Y (ha3y IOSBU 3pUINX IUIOAIB
YacTKa KPOXMAIO B POCITHH, SIKi 3a3HAIIH [Iii peTapIaHTiB, Oya Oib-
11010, HDK y KOHTpOTi (Ta0uL. 2).

Regul. Mech. Biosyst., 9(2)



Taoauus 2

BB ecdony Ta TeOyKoHa30iTy Ha MHAMIKY HAKOIIMYEHHS IyKpIB 1 KPOXMAIIIO B opraHax TomariB riopuaiB bookar i Conepocco
(% Ha cyxy pedoBHHy, cepenHi qaHi 3a 20132015 poku y ribpuy bobkar i 3a 2015-2017 poku — y riopuny Conepocco, n= 15, x + SE)

[ara I'iopun bobkar Tiopun Conepocco

BiI- KOHTPOJIb 0,07% ecdon 0,025% TeOyKoHa30I1 KOHTPOJIb 0,05% econ 0,025% TebyKoHa30I

o o O 0 o W o U T o W o Q% o
Kopinmsst

P e S o S e S0 T e T 20

T O e T GBS e B A

3 Son oo ¥ oomm oo 2 oo oo 5 Giw oo 1O one oo M6 gon qaigee 116

4 o oo O Gows opom 5 Gosk oo O oo 607 23 o067 opism 2% o7 opagee 10
Crebma

L Goss e 0 Gom oles O gom oi O o1 oo aneoioe 255 gime ogsor 50

2 o s O Gow oas O Gom o1sr O Gie o 52 o1 opasee 42 gume oo 453

3 G o %55 Goss o 19 oo oom O i oo 2T o o 2 o olose 2%

4 o 005 O™ oo oiw % oo o % i oo 327 oiose ooseer 1 oter oiese 2%
Jlucrs

U o o %% us 03 O o oas O ol otos O gosee orsom 90 oogen 0as0r O

2 i o 2 oo 027 0% omee om0 O¥ Gon ot O agsieeatize %6 oros o2 067

3 oo oam % Goes 09 O oom 1w 95 oo oam O gusoe oz 00 Gogr gae 03

4 oom o1 % Gom oue % com oiss % cosr o5 0T oo oots 070 ooer aaion 08
ITnomm

Uit 02 M ggitmogie 1 ogie o3 M1 on1 osm 190 odoim ooie 097 o3y oz 056

2 oo ome 29 amieorie 19 0m oise 20 gun oxs 5 ode o P 0k o 102

3 om0 ois M 0 o@me 22 om ome 26 05 oxe 2% 0im oase 218 gene ospe 191

4 0w oo % omn oxwe 2 oge om0 o omg M1 ogm ot 22 o oasse 448

THpumimru: * — P < 0,05, ** — P < 0,01, *** — P < 0,001 nopixsiHO 3 kouTponem; / — 10-ta, 2 — 20-ta, 3 — 30-1a, 4 — 40-Ba 106a micis 06podku; CLKp —
BIJTHOILICHHS CyMH ILIYKpiB (PEIyKyH0Ui LyKpH + HEPEAYKY04i LyKpH) 10 KPOXMAIIFO.

TocwieHe HakOIMIYEHHS BYIVICBOAIB IUIONAMH POCITH TOMATIB,
10 3a3HTH [l TeOyKOHa30JTy, O3UTUBHO BILTMHYJIO HA IPOJYKTHB-
HICTh KyJIBTYpH. Y TiOpumy BoOkar cupa mMaca oHOrO IUIOIy ITicist
00pOOKK TPUA3OJIIIOXITHIM TMPETapaToM Ha KiHellb JOCIIDKYBAHOTO
Tepiozly NepeBHILlyBaIa KOHTPOJIbHUIA NokasHuK (153 + 3,3 r) Ha 5,6%
(161 £4,01). ¥ riopumy Conepocco TeOyKOHA30IT 3yMOBHB 3pOCTaHHS
cepemHboi Mack ofHoro wiony Ha 23,1% (51,2 + 1,2 r) mopiBHsHO 3
xoHTposteM (41,5 & 1,1 1). 3a aii ecoHy MOKA3HUKH PAKTHIHO HE Bif-
PI3ESUIacst Bit KOHTPOMIO. Pe3ysbTaTy CBiq4aTh, IO YIPOIOBK Berera-
11 BitOyBasocst 3MEHIIICHHST BMICTY 3araJIGHOTO a30Ty Y BEreTaTUBHHX
OpraHax sIK y KOHTPOIi, TaK i B IOC/izii B 000X TiOpHIIB TOMATIB (pHC. 2).
Jluitie y KOpiHHI KOHTPOJIBHOTO BapiaHTa BinOyBalocs HAKOIMYCHHS
LIBOTO eJleMeHTa abo K Horo BMICT y Mepliiii MOOBUHI Bererartii cyT-
TEBO HE 3MiHIOBABCSL.

O0pobKa TeGYKOHA30II0M TOCIITIOBANA BiATIK a30Ty Bl KOPIHHA
Ta creben. [HTeHCHBHIIIE a30T BUHOCHBCS 3 OCHOBHX OPTaHiB y Ti0-
puny bobkar. Y ¢asy popMyBaHHS IIIO/IB 1€l TOKA3HIK CTaB HIDK-
YMM KOHTPOJIBHOTO Ha 19,4% y xopindi Ta 18,0% y crebmnax, Tomi sk
y riopuay Conepocco y 1o % a3y Bererallii BiH BiIITOBITHO 3HIDKY-
BaBcst Ha 10,7% Ta 11,1%. [Ipenapar ynoBiTbHIOBaB BiATIK a30Ty 3
JIMCTKIB TTOPIBHSIHO 3 KOHTPOJIEM. Y JaHOMY BHIIA/IKy MOBUIBHILIE [E
BinOyBasocs B riopumay Comepocco. Ilin yac ¢asu akrusHoro dop-
MYBaHHsI IDIOZIB y JIUCTKAX riopumy Coiepocco BMICT a30Ty HepeBH-
IITyBaB KOHTPOIb Ha 12,9%, Toxi sk y riopumy bodkar — Ha 9,2%.

ErunennpongynenT ecqoH no-pisHOMy BIUIMBAB Ha JUHAMIKY 3a-
TaJIGHOTO a30Ty B OCBOBHX opraHax TribpuniB BoGkar i Comepocco.

Regul. Mech. Biosyst., 9(2)

3a iforo nii y ridpumy boOkat BinOyBaBcs BiNTIK eleMeHTa 3 KOPIHHSL
Ta HAKOIMYCHHS ioro y crebm. Y ribpumy Conepocco, HaBHAKH,
CIIOCTEPirajocst HAKOIMYEHHS 30Ty B KOPiHHI Ta IHTEHCUBHUN HOTO
BIITIK Bil cTeben, 0coOIMBO y pYTiii MoMoBUHI BereTail. B 060x
riOpu/iB TOMATiB ec)OH CHOBUIGHIOBAB BiITIK a30Ty 3 jucTkiB. Ha Ki-
Helb Nepio/ly IOCIiHKEeHb BMICT 3araibHOro a3oty B riopuxy Corepocco
TIepEBHIIYBaB KOHTPOJb Ha 14,5%, a y ribpumy bobkar —Ha 8,9%.

AHai3 TMHAMIKH a30Ty Y IUIOaX CBIIUYMTH, IO Y TOMATIB Til0-
puny boOkar BinOyBaocs HAKOIIYEHHS IHOTO eJIeMEHTA YIIPOJOBX
BereTaliifHoro nepiofy. PerapnanTy yroBUIGHIOBAIM HPOLEC HAKO-
NIMYEHHSI a30Ty IUIOZaMu. 30KpeMa, Ha KiHelb JOCIIDKYBaHOTO Iie-
PiofTy BMICT 3arajlbHOTo a30Ty 32 00pOOKH eC()OHOM 3HMKYBABCS Ha
19,9%, a micnst 3acTocyBaHHs TeOykoHa30i1y — Ha 5,2%. Y ribpumy
Cornepocco BitOyBaIocst OCTiiHE 3HIDKEHHS BMICTY a30Ty Y IUI0Jax
SIK Y JIOCTIAI, TaK 1 B KOHTpoi. TeOyKOoHa30I1 YTIOBLIGHIOBAB TIPOLIEC
peytunizamii a3oty. Ha kiHemp JOCTiIKEHb HOro BMICT CTaB OuTb-
M Ha 5,5%, HbK y KoHTpodi. 3a aii ecd)oHy IoKa3HHK IPaKTHIHO
HE BiIPI3HABCS Bijl KOHTPOITIO. [I0CHIICHHS BIITOKY a30Ty Bij Berera-
THBHUX OPTaHiB JIO IUIO/IB 32 il TeOYKOHA30Ty 30LTBIIIIO KUTBKICTh
IUIOZIB Ha pociuHi. Y ribpuxy boOkar 3a il TprasonmoxiqHoro npe-
THapary HokasHuK 3pic Ha 21,3% (12,6 + 0,33 1urt.) NOpiBHAHO 3 KOH-
tposem (10,0 + 0,18 mrt.). ¥ ri6pumy Conepocco KibKicTb IUIOAIB Ha
pocimHi 3pocia TopiBHSAHO 3 KoHTponeM (35,4 + 1,07 mt.) Ha 2,8%
(36,4 + 1,29 mr.).

3MiHa MIBAIKOCTI POCTOBHX IPOLECIB 3a BIUIMBY aHTUTIOCpEITi-
HOBHX IPENapariB CyTTEBO BIUIMHYJIA Ha JIMCTKOBHIA ariapar JIOCHi/i-
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HHX POCJWH. 3MiHH MOP(OMETPHYHHX XapaKTEPHCTHK JIUCTKIB SIK
JIOHOPIB aCHMIJIATIB 3yMOBWJIN 3MiHH HAKOITMYCHHSI Ta IIEPEPO3OILT
piztux ¢opm ByriieBomiB i 3aransHoro asory. OO6poOka peryssTo-
pamu pocTy TPHULIBHALLYBaJA TIPOLECH PeyTUizamii pisHux (opm
LIYKpiB i a30Ty.

O0roBopeHHs1

Peryssiiisi TOHOPHO-AKIICTITOPHKX BITHOCHH Y CUCTEMI ITJIOT PoC-
JIMHK 3iHCHIOETHCS Yepe3 KOOPAHHALI0 (OTOCHHTE3y Ta POCTOBOI
GbyHKwii, npraoMy Oy b-sKi IPUPOIHI a00 eKCIIePUMEHTATIBHI 3MiHI
ILIBUJIKOCTI POCTOBHX IPOLIECIB CYIPOBOKYIOTHCS a/ICKBATHOIO Ie-
peOynoBo0 (DOTOCHHTETHYHOTO arnapary. 3acTOCyBaHHS IHTIOITOpPIB
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ribeperiHy J03BOJIsIE 3MIHIOBATH TEMITH POCTY THX 200 iHIIMX Opra-
HIB POCIIVHH, BHACIIZIOK YOr0 MOMJIMBHH IIEPEpO3IOT MOTOKIB
ACHMIISITIB /IO TOCHIOJAPCHKO-BXKIIMBUX TKAHUH 1 OPTaHiB.
3MEHILICHHST 3alUTy Ha aCHMUISTH TiCIsl 3aCTOCYBaHHs perap-
JIAaHTIB 1 €TUJICHITPOIYIICHTIB CTBOPIOE e(EKT iX HAIHILIKY Y POCIIH-
Hi, SIKAI CIIPSIMOBY€ETHCS Ha TIOCHIICHHH PicT OIYHMX OpraHiB i opra-
HIB 3amacaHHs. 3aikcoBaHE HAMH SIBHIIC TPHUTHIYCHHS POCTOBHX
IPOLIECIB B OCBOBUX OpraHax TOMATIiB CYIPOBOKYBAJIOCS 3POCTaH-
HSIM KUTbKICHUX TOKa3HUKIB JIUCTKOBOTO arapary. Cxoxi edekTa 3a
BIUIMBY TakIoOyTpa3oiy 3adikcoBano Ha pociuHax Oarary (Yoo-
yongwech et al., 2017), 3a zii yHIKOHa30JTy Ha POCIIMHAX COEBHX 600IB
(Yan et al., 2015), micist 06poOKH XJITOPMEKBATXIOPHIOM Y POCIHH
naxutHALI OaratopiuHoi (Kasem & Abd El-Baset, 2015).
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Puc. 2. Brun aHTHTIOCpeTiHOBUX TpenapaTiB Ha BMICT 3arajibHOro a30Ty B opraHax ToMaris riopuis bookar i Conepocco
(cepenni nani 3a 2013-2015 poku y ridopuny bobkar i 3a 20152017 poxu y riopuay Conepocco, n= 15, x + SE): a — xopiHHs,
6 — ctebia; 6 — et e — wioaw; 1 — 10-ta, 2 —20-ta, 3 — 30-1a, 4 — 40-Ba 106a micis 06poOKy;

e — [IOPU/] BOOKAT, mm == — TiOpH1 Comepocco; - KOHTPOJIb, - echoH, - TeOyKOHA30JT

3pocTaHHsI KUTBKOCTI JICTKIB, MacH 1X CyXOl pe4OBHHH Ta IUIOLLII
JICTKOBOi TIOBEPXHI CIIPHSE IMiIBHUINCHHIO (POTOCHHTETHYHOI Mpo-
JyKTHBHOCTI POCIIMHH, 10 OJHOYACHO MOCHJIFOETHCS 3MEHILCHHAM
X BUTpAT Ha POCTOBI IIPOLIECH 3 HACTYITHUM IIEPEPO3IOJIIOM JI0 iH-
VX TKAQHWH 1 OPraHiB pociHH. Y 3B’S3Ky 13 M, BXKJIMBO BCTAHOBH-
TH HAIPSIMOK TIEPEMIILEHHS [UIACTUMHIX PEYOBUH Y pocivHi. Sk cBin-
Yarh pe3yJIbTaTy HAINX JIOCIi/DKEHb, YIPOIOBK BEreTarlii BMICT IyK-
PiB i KPOXMAJTIO y BEICTATUBHUX OpraHax TOMATIB TOCTiiHO 3MEHIIIY-
BaBCH, a y IUIOAAX 3POCTAB 33 PAXYHOK IyKpiB, a caMe PeIyKyHOuHX
(opm. Taki 3MiHI JMHAMIKH IUTKOM Y3TODKYOTBCA i3 3arIbHOIO KOH-
LIENIIEI0 (PYHKIIOHYBAHHS POCIITHHOTO OPraHI3MYy «IDKEPEIIO — CTIK».

TanbMyBaHHS JHHIHOTO POCTY peTapiaHTaMM 3yMOBIUIO 3pO-
CTaHHs1 BMICTY BYIVICBOJIB Y BEreTaTUBHUX OpraHax pPOCIMH TOMATiB
TMOPIBHSHO 3 KOHTpOJieM. Ha/UIMINOK IIaCTUYHNX PEYOBHH, LIO Ha-
KOIIMYMBCS Yy TepIIili MOJIOBMHI BereTawii 3a BIUIMBY IIperiaparis,
aKTHBHIIIIE TPAHCIIOPTYETHCS 10 IIofiB. Came i3 IIMM MOXKHa TIOB’si-
3aTH OCWJICHHS! PEYTHIII3aLli KPOXMAJIIO SIK Y BEICTATUBHUX, TaK 1 Yy
TeHepaTHBHHUX OpraHax yIpoJOB)X YChOIO BereTalliifHoro mnepiogy B
000x riopuziB TomariB. [linTBEpmKEHHAM LBOTO SBHINA BBAYKAEMO
TIOCTI{HE 3MEHIIICHHS CIIBBITHOLICHHS BMICTY ITyKpiB JI0 KPOXMAITIO
B yCiX OpraHax poCJIHH. AHAJOTIUHE ITOCHJICHHS BIITOKY IIyKpiB i3
JIMCTKIB JIO TUTOAIB BiIOYBAJIOCS 3a Jii XJIOPMEKBATXIIOPUIY Y POCIHH
Kykypymu (Wang et al., 2016). 3pocTaHHs1 BMICTY BYITIEBOIB Y Be-
TeTaTUBHHUX i TEHEPATHBHKUX OpPraHax POCIIMH 3a Jiii peTapAaHTiB Bill-
Midany i iHmm gocsigauky. [Tako0yTpason 301IbliyBaB yMICT CyMi
uykpiB y Gatary (Yooyongwech et al., 2017), manro (Sarker et al.,
2016), pucy (Xiang et al., 2017), karnomu (Hua et al., 2014). Xmopme-
KBaTXJIOPHZ 3yMOBIIIOBAB 3POCTaHHS 3arallbHOTO BMICTY ITyKpiB y
naxxutHULI Garatopiunoi (Kasem & Abd El-Baset, 2015), Bumict ca-
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xapo3u — y Jinii (Zheng et al., 2012), BMICT IyKpiB i KpOXMaJO — y
Oynp0ax xaprori (Koteswara Rao et al., 2017).

PesynbTati HamMX OCHIDKEHb CBIMYATh, O OJIOKYBAHHS YTBO-
PEHHs FOPMOH-PELICHITOPHOrO KOMILIEKCY B POCIIMH TOMATIB 32 BILTUBY
CTIJICHITPOYLICHTY ec(hOHY MO CHITBHIIIANA PICTTaTbMIBHUN e(EKT,
HDK TIPEPHBAHHS CHHTE3Y TOCSPeNiHy Y TPhOX JIAHKAX 3a Jiil peTap/iaH-
Ty TeOykoHasony. Ha Hairy aymKy, HanMipHe rabMyBaHHS POCTOBHX
HpOLIECiB 32 il ec(OHy CIPUYMHIIO TAKOXK HPHUTHIYCHHS IMPOLIECIB
TPAHCIIOPTYBAHHSI PEYOBHH IO POCIIHHI, 10 B KiHIIEBOMY MiICyMKY
CIIPHHYMHMIIO 3MEHIIICHHST BMICTY IyKpIB Y TUI0AAX 1 HETaTHBHO BILTH-
HYJIO Ha POyKTUBHICT KyJbTYpH. Lle oB’s13aH0 3 THM, 110 IOCTATHE
3a0e31eUeHH S 30HN IUTOZIB ITyKpaMH CIIPHSTAME X NepeTBOPEHHIO Ha
CTPYKTYpHI IOJTICAXapyIH, sIKi OepyTh y9acTb Y KapIioreHesi.

V Toii ke Yac 3a BIUIMBY TeOyKOHA30JIy BifOyBaJIOCs HOMipHE
raJbMyBaHHsI JIHIHHOTO POCTY Ta MPOLIECIB TPAHCIIOPTY PEUOBHH 10
POCITHHI, 110 CTBOPUJIO HAUTHILIOK TVIACTUYHUX PEUOBHH, SIKi aKTHB-
HO HAJIXOIMIIH JI0 TUIOIB i Opayii y4acTh y MpoLecax KaproreHesy.
DopMyBaHHS HaUIMIIKY LyKpiB 3abe3redyBanocs: He Juiie GoTo-
CHUHTETHYHUMH TIPOLIECAMH Ta MEHIIMM X BUKOPHCTAaHHSM Ha pOC-
TOBI MPOIIECH, a i YHACTIOK MOCHIICHHS TiIPOTi3y KPOXMATIO Y Be-
IeTaTHBHKX OpPraHaX TOMATIB 32 BIUTHBY TEOYKOHA30ITy.

'V HayKoBil JiiTepaTypi MiCTHTBCS iH(OPMALISL TIPO ITiIBUICHHS
HPOIYKTUBHOCTI CUTBCHKOIOCTIONAPCHKUX KYJIBTYp 32 BIUIMBY IHIIAX
TPHA30JIIOXITHUX MperapatiB. 30KpeMa, 3aCTOCYBaHHsI aKJIo0yTpa-
30Ty HiJBHLIYBAIO MPOAYKTUBHICTH Oarary (Yooyongwech et al., 2017),
mamro (Sarker et al., 2016), kanomu (Hua et al., 2014), a yHikoHa301
CIIPUSLIIO 3pOCTaHHIO YPOKaHOCTI coeBux 000iB (Yan et al., 2015).

[lin gac Beretarii BiOyBa€eThCs 3MEHIIICHHS BMICTY a30Ty Y Be-
TeTaTUBHUX OpraHaX BHACIIIOK HOro BiATOKY O KBITiB, IUTOMIB i Ha-
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CiHHSI, @ TAKOXK BUKOPUCTAHHs HA POCTOBI NMPOLIECH B POCIIHHI B LILJIO-
My. Pesyibrari J03BOJISIFOTH KOHCTATYBATH, 1110 3aKIIaJaHHs Ta (op-
MyBaHH: OUIBIIOT KUTBKOCTI TUIOIIB 32 BIUTUBY TeOYKOHA30/Ty BUKIIH-
KaJIo TIOCHWJICHHSI BIATOKY LIOTO €eMEHTa 3 KOpiHHs Ta creden /0
TeHEpaTUBHUX OPraHiB. 3pOCTaHHS BMICTY 3arajbHOrO a30TYy B JIUCT-
KaxX, Ha HaIlly TyMKY, BBKA€ThCS MIATBEPHKEHHAM Kparoro 3abes-
TICYCHHS JIOHOpa aCHMUIATIB (DepMEHTATHBHHMM araparoM, IO BBa-
JKAEMO JIOJATKOBIM (DaKTOPOM aKTHBI3allii (POTOCHHTETUYHHX IIPO-
1eCiB 32 BIUIMBY pETapIaHTy. 3MCHILCHHS BMICTY a30Ty y IUIOfaxX
pociuH TomartiB Tiopuay Conepocco YIpoIoBK BereTaliifHOro mepio-
[y 32 BIUTMBY PETapaHTiB IIOB’s3aHE, OYEBU/IHO, 3 0i0p030aBIICHHIM
€JIEMEHTY BHACIIIZIOK 3aKJIafaHHs Ta (JOpMyBaHHS 3HAYHOI KLTBKOCTI
IUIOAIB, y TOH Yac KoJu B riopuay boOkar mioziB 3akmaganocs mpak-
THYHO BTPHYi MEHILIE, 1110 CTAJIO IPUYHHOI0 HAKOIIMYCHHS a30TY.

3acTrocyBaHHs TeOyKOHA30Ty CIPHSUIO (POPMYBAHHIO JTOHOPHOL
cepr POCIMH TOMATIB, TIOCHICHHIO iX aCHMUISIIIHOIO OTCHIIIANY,
THMYacOBOMY JICTIOHYBaHHIO ()OTOACUMUIATIB 1 a30TyMICHUX CIIONYK
y BEreTaTHBHKX OpraHax POCJIMHH 3 HACTYITHOK aKTHBHO PeyTHIIi-
3aLi€l0 IMX CMOIYK Ha MOTPeOu 3aKiagaHHs, (OpMyBaHHS Ta POCTY
mwioziB. HacizkoM Takoi repe0y10BH TOHOPHO-AKIIEITOPHOI CHCTe-
MH POCJIMHH BBKA€EMO ITIBUIICHHS BPOXKAIO KyJIETYPH TOMATIiB 3a
Iii mporo mpemnapary. HagmipHe rabMyBaHHS pOCTOBHX 1 OOMIHHIX
TIPOLIECIB Y POCIIMH TOMATIB 32 BIUTHBY €C(HOHY 3YMOBHIIO 3HIDKCHHS
MPOAYKTUBHOCTI KYJIETYPH, HE3BKAFOUH Ha 11Ty HA3KY [O3UTHBHHX
MopdoMeTpUYIHKX, (i3i0N0riuHIX Ta GiOXIMIYHNX edeKTiB, sIKi mpo-
SIBIJIMCSL HICJIS 3aCTOCYBAHHSI LIpeTiapary.

BucHoBkn

AHTUTIOCPENIHOBI TIpenapaTH 3 Pi3HAM MeXaHi3MOM i, TeOyKo-
Ha30J i ec)OH, BUKIIMKAIM 3MIHH POCTOBUX IPOLECIB JICTKOBOMY
arapari, HaKOIIMYEHHI Ta Nepepo3HoALTi pi3HIX (GOpM ByITIEBOIB i 3a-
TJILHOTO 30Ty Y BETreTaTUBHIX i TEHEPAaTHBHHX OpraHax riopuiiB To-
mariB bookar i Conepocco. OOuIBa Mpenapary 3MEHIIYBATH JiHIHH]
PO3MIPH POCITHH TOMATIB Ta 30UIbLIYBAIN KUIBKICTB JIMCTKIB HA POCIIH-
Hax. Cyxa pevoBHHa JIMCTKIB 3pOCTasia JIUIIE MiCIist 3aCTOCYBaHHSI Te-
OyKoHa30ITy, a IUIOLIA JIMCTKIB 32 [l iHriGiTopiB ribeperniny 30ubLiy-
Basiacs B ribputy Corepocco Ta 3MeHIIyBaiacs y Tiopuay boOkar.

YV mporieci Bererarii BizOyBajocs 3MEHILIICHHS BMICTY BYIJIEBO-
B y BEreTaTHBHUX OpraHax 000X riOpHiB TOMATIB SIK y KOHTPOII,
TaK i B JIOCIiIi 3 OTHOYACHUM HAKOITIYEHHSIM IyKpIB Y TUIofax. Bmict
LIYKpiB 3MIiHIOBABCS IIEPEBAKHO 33 PAXyHOK penyKyrounx popm. I'i6-
pun Conepocco Bi3HaYaBCs! BULLIMM YMICTOM caxapo3d B OpraHax.

[HribiTopr POCTY MOCHIIOBAIM BIATIK IYKPIB Ta 3HIDKYBAIH
BMICT KPOXMATIO B KOPiHHI Ta cTe0i1ax 000X riOpH/iiB ToMaTiB. Y JUCT-
Kax riopumy Conepocco BMICT KPOXMAJIIO, PEAYKYIOUUX 1 HEpeayKy-
FOUHX ITyKpiB CTaB BHIIIMM MICIISI 3aCTOCYBAaHHS TeOYKOHA30Iy. Y Tib-
puny bobkar ecoH 3yMOBITIOBAaB 30UIBIICHHS BMICTY PEAYKYIOUHX
(opM IyKpiB, a TEOYKOHA30]I — HEPETYKYIOUHX.

TeOykoHa30J1 NOCIIIIOBAB HAKOIIMYEHHS IYKpIB y IUIOAAX 33 pa-
XYHOK pefyKytounx (opm B 000X TiOpuaiB ToMaTiB, Tofl SIK ecoH
3HWKYBaB iX BMICT TIOPIBHSIHO 3 KOHTposieM. [HriGitopu pocty miaBu-
LIyBaJIM BMICT KPOXMAJIIO y IUIOZAX Ha MOYaTKy BereTallii Ta iHTeHCH-
(ixyBan foro peyTrizarito Harmprkiaii. Hafimmswmme e BinOysano-
cs1 et 0OpOOKH POCIIMH TOMATIB TeOYKOHA30JI0M HE3aIEKHO Bif Ti0-
puy. YIIpOIOBXK Bereranii CrocTepirainy 4iTKy TEHACHINIO 10 3MeH-
IICHHs] BITHOIICHHS CYMH IyKpIB 10 KPOXMAIIO NPAKTHIHO B YCIX
opraHax 000X TiOpHIiB ToMaTiB. HaiicyTTeBilie 3MEHINCHHS IHOTO
CIIBBITHOIICHHS 3a()iKCOBAHE IMTiCIIsi 0OPOOKH POCITHH TeOYKOHA30JIOM,
110 CBiTYUTb TPO MOCHJICHE HAKOIMMYEHHS! BYTVICBO/IB ILIOAAMH 3a Jii
perapnanty. Lle cpusiino y nopainbIioMy 3pOoCTaHHIO CEpEAHBOI Mach
omHoro twioxy. Ilim wac Beretamii BinOyBayocs 3MEHIICHHS BMICTY
3arajlbHOrO a30Ty y BETETATUBHUX OpraHax sK y KOHTpPOII, TaK 1 B
Jociii B 000x riopuniB TomariB. TeOyKoHAa30I IPHIIBHIITYBAB BIITIK
3araTbHOTO 30Ty 3 KOPIHHS Ta creben i 30UIbIIyBaB HOro BMICT y
JIMCTKaX. 3a Jil TpHa30JIOBOro Mpenapary BiOYBaIOCs YIOBUTGHEHHS
HAKOIMYCHHS 1bOT0 eIeMEHTa y TuiofiaX. Taki 3MiHM y JMHAMILll 3a-
TaJIbHOTO a30TY 3a BIUIMBY TeOYKOHA30ITy 3yMOBHIIN IIOCHJICHY 3aKJIaji-
Ky IUIOJIiB Ha POC/IMHAX TOMATIB.
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The processes of effect of L-arginine-L-glutamate on peroxidation and slime-forming function of the stomach cells, the
system of antioxidant defense in the blood, liver and brain tissues of rats with experimental pathology of the gastroduodenal
zone have been investigated. The animals were divided into four groups. Group I — control group were rats injected
intragastrically through a probe physiological solution. Group II included animals with erosive ulcerative lesions of the
gastroduodenal zone. Modeling of the erosive ulcerative lesions was carried out by intragastric administration of medical bile
(1 ml/100 g) in combination with immobilization-cold stress for 1 hour at + 4 °C for a period of seven days. Rats of group 11
simultaneously received an intra-abdominal 4% solution of L-arginine-L-glutamate in a dose of 20 mg per 100 g of body
weight at the same time as the erosive ulcerative lesions modeling. To clarify the role of NO-ergic mechanism of L-arginine-L-
glutamate influence on the quantitative composition of mucins and free radical processes rats in group IV with erosive
ulcerative lesions were injected with non-selective NO-synthase inhibitor, L-NAME (L-NG-nitroarginine methyl ester), at a
dose of 1 mg per 100 g at the same time as injections of 4% solution of L-arginine-L-glutamate. The simulation of erosive-
ulcerative lesions of the gastroduodenal zone in the experimental animals was accompanied by the intensification of lipid
peroxidation processes, the imbalance of the antioxidant defense systems and the development of oxidative stress in the blood,
tissues of the stomach, liver and brain, which has tissue-specific features. In the blood of the animals, the activation of the
enzymatic link of antioxidant defense did not compensate for free radical processes, as a result, the exhaustion of the reduced
glutathione pool occurred, and the level of TBA-active products increased both in plasma and in erythrocytes. There was a
depression of the enzymes of the antioxidant defense and a decrease in the level of recovered glutathione, indicating
decompensating of the liver antioxidant protection systems in the liver tissue of the rats. In the experimental animals , formation
of erosive ulcerative lesions was accompanied by destabilization of the oxidation-reducing processes in the brain, which led to
the intensification of the lipoperoxidation. In the mucous membrane of the stomach of the experimental animals, the total
number of protection factors — secretory mucins with a simultaneous structural change — decreased. The use of L-arginine-L-
glutamate reduced the manifestations of oxidative stress in the stomach tissue of animals with experimental pathology and
normalized the quantitative and qualitative composition of mucins. In the blood, liver tissues and brain of the rats, L-arginine-L-
glutamate injections activated the enzymes of the first anti-radical linkage — superoxide dismutase and catalase contributed to
the increase of the pool of reduced glutathione and the deceleration of free radical reactions. Investigation of reactions to the
action of the inhibitor provides the basis for the hypothesis of the NO-mediated action of L-arginine-L-glutamate on the
formation of S-nitrosothiols, as evidenced by the high level of reduced glutathione when the inhibitor is used.

Keywords: erosive and ulcerative pathology; mucosal protection factors; antioxidant system,; nitric oxide

uro3axucHi mpouecu, ingykoBani BisimBom L-aprininy-L-riayramary,
y LIYPiB 3 eKCIIEPUMEHTAJBHOI0 MATOJIOTIE€I0 TACTPOAYOACHAIBLHOI 30HU
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JlocmiuKyBam MexaHi3Mu BIUTHBY L-apriHiHy-L-ryiyTamMary Ha NEepOKCHIALIO Ta CM30TBIPHY (DYHKIIIO KIITHH IUTYHKA, CHCTEMY aHTHOKCHIAHTHOTO
3aXMCTY y KPOBI, TKAHWHAX MEYIHKU Ta MO3KY LIYPIB 3 €KCIIEPUMEHTATILHOIO MATONOTIEN0 TaCTPO/TyOICHATLHOT 30HH. TBApHH PO3IUTIIIN HA YOTHPH TPYIIH.
I'pyna I — koHTpoIIbHA, SIKi YBOIWIM BHYTpIIHBOLUTYHKOBUM LIUBIXOM uepe3 30H1 (izionoriunmii posunH. ['pyna II Bkmodana TBapuH 3 €po3uBHO-
BHPA3KOBIMH yPaXKCHHAMH FaCTPOIYOeHAIBHOI 30HH. MoIe/oBaH s ATOMOT I IPOBOJUIH IUTIXOM BHYTPINIHBOIUTYHKOBOTO BBEICHHS MEIHYHOT 5KOBY1
(1 M1/100 1) y moetHAHHI 3 IMMOOLTI3AIIIHIM XOJIOIOBUM CTPECOM POTATOM OfTHI€T rofrHu 3a Temreparypu +4 °C yrpomosx ceomu 1i6. [Llypu rpyrmm 111
OJIep)KyBaIM BHYTpILLIHBOUEpeBHi iH ekl 4% po3unH L-apridiny-L-riyramary y no3i 20 mr/100 r mMacut Tijia O{HOYACHO 3 MOJIENIFOBAHHSM €PO3HBHO-
BUPa3KoBOro ypakeHHs. J[s yrtouneHHs poni NO-eprivHoro MexaHisMy BIUIMBY L-apriHiHy-L-milyramMaTy Ha KUIBKICHMI CKJIa[ MYLMHIB Ta
BUIBHOpaJIMKAIIBHI TIpOniecH ItypaM rpymu IV 3 epo3suBHO-BUPa3KOBHM YPaKEHHSAM YBOMIUIM HecenekTuBHUA iHribirop NO-curtasu L-NAME (L-NG-
Nitroarginine methyl ester) y mo3i 1 mr/100 r omHoyacHo 3 iH’ekuisimu 4% poszunHy L-apriniHy-L-rityramary. MopemoBanHs 1€l maronorii B
€KCIEPUMEHTAIbHUX TBAPUH CYTPOBODKYETHCS IHTEHCU(IKALIEIO MPOLIECIB MEPEKHCHOr0 OKMCHEHHS JIIMifB, UCOATaHCOM aHTMOKCHIAHTHUX CHUCTEM
3aXHCTy TA PO3BUTKOM OKICHOTO CTpeCY B KPOBI, TKAHUHAX IUTyHKY, IEIiHKH, MO3KY, III0 Ma€ CIICIH(iHi TKAHIHI BIACTUBOCTI. Y KPOBI TBAPHH aKTUBALLSL
(hepMEHTATHBHOI JTAaHKH AaHTHOKCHIAHTHOI CHCTEMH HE KOMIICHCYBAIa BUIBHOPAIMKAIBHI IMPOIECH, BHACIIZIOK YOrO BiIOYBAIOCS BHUYEPIAHHS ITyITy
BIJTHOBJICHOTO IJTyTaTiOHy, a piBeHb THK-akTHBHUX MPOIYKTIB 30UTBIIYBaBCs SIK Y IUIa3Mi, TaK i B eputpormTax. Jlernpecis GpepMeHTIB aHTHOKCHIaHTHOTO
3aXMCTy Ta 3HIDKCHHS PIBHS BIJHOBJICHOTO IJIYTATIOHY CBIUWIM TPO JCKOMIICHCALIIO MEYIHKOBUX aHTHOKCHIAHTHUX 3aXHCHHMX MEXaHI3MIB y IIypiB.
@DopMyBaHHS €pPO3HBHO-BHPA3KOBOTO YPKEHHS FACTPO/yO/ICHAIBHOI 30HH CyIPOBODKYBANOCS AeCTa01Ii3aliel0 OKHCHO-BITHOBHIX IPOLIECIB y MO3KY, III0
CIPUYMHSIIO iHTEHCH(IKAIIIFO JMONepoKCHali. Y CM30Bii OOOJOHII IILTYHKA SKCIICPHMEHTABHIAX TBAPUH 3MEHIITYETHCS 3arajbHa KUTbKICTh (pakTopiB
3aXMCTYy — CEKPETOpHMX MyLMHIiB. BukopucranHs L-apriniHy-L-mityramary 3MeHINye TMpOsiBY OKHCHOTO CIpeCy Y TKAHHHI LUTyHKa TBAapHH 3
€KCIIEPUMEHTAIBHOIO MATONIOTIER0, HOPMAT3y€ KUTbKICHUI Ta SIKICHUI CKJa MyLIMHIB. Y KPOBI, TKAHHHAX TE4IHKH, MO3KY LIypiB, iH’ekuii L-apriniHy-L-
IJyTaMaTy aKTHBi3YIOThb (hDepMEHTH IEpIIO] aHTHpAIUKAIBHOL JIAHKH (CyNepOKCHIIUCMYTa3a Ta KaTalasa), CHPHSIOTH 30UIBIICHHIO IyITy BiTHOBICHOTO
DJIyTaTiOHY Ta YIOBUILHEHHIO BUTHOPAIMKAIBHUX peakiiiid. JlocmipKeHHs peakiii Ha Aito iHribiTopy Jae mifictaBy [y rinore3n NO-omocepeKoBaHoi i

L-apriniHy-L-rTyTamary 3 yTBOpeHHsIM S-HITPO30TIOIB, PO 1[0 CBITYUTH BUCOKHI PIBEHb 3HIXKEHOT'O IITyTaTIOHY 3a JIaHHX YMOB.

Kmouosi crosa: €PO3UBHO-BUPA3KOBA HaTOJ'IOI’i}I; (I)aKl'OpI/I 3axXUCTy CITU30BO1L O6OJ'IOHKI/I; AHTUOKCHUJAHTHA CUCTEMA, OKCH/T a30TY

Beryn

CrpykrypHi T2 (QYHKUIOHABHI YPaKEHHS CITH30BOI OOOJIOHKH
(CO) BepxHiX BIIIUIB TaCTPOMYOICHATBHOI 30HH BiOYBAROTHCS i
Yac MOpyYIICHHs PIBHOBArM MK 0araTOKOMITOHEHTHOIO CHCTEMOIO 3a-
xucty CO Ta arpeCHBHUMH €HIOTEHHUMH Ta €K30I'€HHUMH [1aTOreHe-
THYHUAMH YMHHUKaMU. ABaHrapzaom 3axvcTy CO muTyHKa Ta JBaHaz-
LITUNIAION KUIIKU BUCTYIIAE CITM30BO-OikapOoHaTHHi Oydep, yTBOpe-
HHI1 TOBCTOFO TUTIBKOFO CITM30BOT'O TEJIFO Ha TIOBEPXHI TIOKPHBHOIO €TTi-
temito. Lap crm3y 3axuIiae KIITHHY Bill TIPOTEOII3Y Ta MOMIKOHKEHHS
ionamu BozHIo (Barinov et al., 2013; Hlynov & Chikunova, 2016). Oc-
HOBHHII KOMITOHEHT CJIF30BOTO TeI0, IO BH3HA4aE HOro (hi3uKo-xi-
MiYHi BJIACTHBOCTI, — MyIIH. MOJIeKy/ia MyIIHY CKJIaJA€ThCs 3 LICH-
TPAITBHO PO3TALIOBAHOI HOMIMENTHIHOI JIAHKK — allOMYLIHHY, 110 Ma€
crietpgivuHy 00J1acTh TAHAEMHUX TIOBTOPIB, Y CKIAJl SKUX MPEBATIO-
OTh POJTiH, TPEOHIH i CEPUH, Ta MPUKPIIUICHNX 10 HUX O-TIiKO3iTHAM
3B’S3KOM oJtirocaxapuis. Came CKIIaj OirocaxapiuIHuX CTPYKTYp BU-
3Hayae XapaKTepHi PUCH Ta (DYHKIIOHABHI 0COOMMBOCTI MyLIHHIB. Bin
crie(iuHNi JUTsT Pi3HUX KITHH i TKaHuH. HuHi ineHTH(IKOBAHO
cxnan moHay 20 mymmHiB (MUC) i TeHiB, mo iX kKomaytoTs. Jlo cekpe-
TOPHUX MYLIMHIB, 37aTHUX yTBOPIOBATH TeJlb, IO EKCIIPECYIOTECS B
TaCTPOIHTECTHHATLHOMY TpakTi, Hanexxars MUC2, MUCSAC, MUCSB,
MUC6 (Zolotova, 2014). OcxosHi Myrau 1utyaxka — MUCSAC, MUCSB,
MUC6. Bonrt MaroTh y CKJIajji TepMiHAIBHI CIITOMH B OCHOBHOMY 3
HelTpabHUMH TiTiKaHaMH, Toz K y MUC2, 1110 eKCTipecyeThes K-
XOMOJIOHNMH KIITHHAMHU KUIICYHHKY, TIeprepiiiHi JTaHIFOrd 3Ha9HO
ciamzoBani (Larsson et al., 2013).

Crpykrypra niticHicts CO 3a1eXuTh Bill KOOPAMHOBAHOI Jii Oa-
ratboX (i3ioNoriyHuX (HaKTopiB Ta MIKPOIMPKYJISTOPHOI JIAHKH, 110
MATPEMY€E HEOOXITHHI MIKPOKIIMAT Ui KIITHHHOTO BiJHOBJICHHS.
BesnepepBHuii MiKpOCYIMHHHI KPOBOTIK 3a0€3Meuye JOCTaBKY KHCHIO
Ta noxuBHEX pedouH y CO. ExporeniaibHi KIITHHA KaIISIpPIB reHe-
PYIOTh 3aXMCHI MEIIaTOpH — PEryJITOpU IHTEHCHBHOCTI KPOBOTOKY
(Yandrapu & Sarosiek, 2015). OcrHoBHHIT MemiaTOp, SKHii OrOcepeKo-
BY€E CyMHOPO3IIHIPIOBATBHI €()eKTH SHIOTETH3ANICKHIK Ba30oMiIaTa-
TopiB, — okcuy azoty (NO). Lle BuUbHOpamKambHa MOJIEKYJIa, o Ipo-
TyKYETBCS i1 VIVO 'y PEryJIboBaHOMY (hepMEHTaTUBHOMY Tporieci 3 L-
aprininy 3a jornomororo pomuad NO-cuutaz (NOS). NO momysroe
LIMPOKHUIA CIIEKTP CUTHAIIBHKX IUISIXIB MPAKTHYHO B YCIX OpraHax i cu-
cTeMax Opraiamy, BKIIFOYAIOYH Ba30/IATALIiI0, HEHPOHAIBHY TpaHC-
MICIiFO, IMyHOMOMYJIALIIO, CEpILIEBE CKOPOUCHHS, 1HIIOyBaHHS arpera-

i TpOMOOLNTIB, TH(EPEHIIIFOBAHHS Ta MPOoTidepariito CTOBOYPOBIX
writeH (Lei, 2013; Cossenza & Socodato, 2014; Kumar, 2017). V ract-
ponyoneHabHii 30Hi NO CTUMYITFOE CEKPEIIIFO CIHU3Y 32 JIOIIOMOT OO
aKTUBAIli TYaHUIATIMKIA3K B emitemiambaux kiitnHax (Lundberg &
Weitzberg, 2012; Tkach et al., 2013). V BianoBiae Ha 3B0pOTHIO TUdy-
3ito H'-ioniB NO ornocepe/koBaHo (depes TeHeparlilo poCTArTIAH/IH-
HIB) BIUIMBAaE Ha mocuiieHHs OikapOoHatHol cexperil (Wallace et al.,
2017). bezzanepeuna porms NO y BimHOBIEHHI MiKpormpKyJwii y CO
TacTPOAYyOICHATIGHOI 30HH, IO Ma€ BHpILIATbHE 3HAYCHHS IUIA il 3a-
xucTy. EHoTerianbHi KITITHHN KaliisIpiB 30aTHI BiT9yBaTH 3MIiHH KPO-
B’SIHOTO THCKY, PIBeHb KHCHIO y KPOBI, Tirokciro. HectiumynpoBanwmit
CyIVHHUH eHIOTeiH 3a3BU4aii i€ sk BUOIPKOBHIT 6ap’ep MiX IPOCBi-
TOM Cy/HH | HABKOJIMIIHIMY TKaHHMHAMH, PETYIIFOE OOMIH MOXKUBHHX
PEUYOBHH 1 META0OJTITIB, 3ar00Irat0yr TPH IEOMY TOTPAILISHHIO M1aT0-
reHiB abo mkimmBux pedoBuH y TkanuHU (Kirichuk et al, 2008).
'V BiamoBiap Ha TOKabHI CTHMYIH eHaoTenianbHi kinitnan CO racTpo-
JlyOIICHAJIBHOI 30HH IPOYKYIOTh HM3KY 3aXHMCHHMX CHIOTEAIBHHX
MeZiaTopiB, IS SKKUX OonocepenroBaHa yepe3 GiocrHTe3 NO, mpocta-
IWKJTIHY, TPOCTarIaHNHY, aKTUBATOpa IUIa3MIHOTeHY, CyIHHO-EIIiTe-
JaIbHOTO (hakTopy pocTy. Y pesylbTari CHHTE3y IMX PEYOBHH Y Cy-
JIMHHOMY €HJIOTeJTil 3MEHIIY€ThCs aKTHBALLis JISHKOLHTIB 1 TpOMOOLH-
TiB, BINOYBA€THCS CTUMYJIFOBAHHS TPOMOOJTI3KCY, 3aro0iraHHs yTBO-
PEHHIO TPOMOIB, MiATPUMYETHCS TIepdy3is TKAHHH 1 3aXKCT MIKPOCY-
JwH Bin ypaxenns (Tamawski et al., 2012).

PosmizHaBaHHS IIKIIJIMBAX YWHHHUKIB BiNOYBAa€ThCS 3aBISIKA ade-
PEHTHAM CEHCOPHMM HEHpOHaM i HepBaM, IO YTBOPIOIOTH MIUIbHE
crorerins B ocHoBi CO Ta iHHEpBYIOTh MiC/M30Bi cyuHi. OcTaHHI-
MH JICCATIUIITTSIMI OTPUMAHO HOBI JIaHi 010 oIl y 3a0e3nedeHHi -
gicrocti CO racTpoyofeHaIBEHOT 30HN [EHTPAIBHOI HEPBOBOI CHCTe-
Mu. JIOCIIDKEHO MEXaHi3MH KOMYHIKaIlii MK TICHTPaIBHOKO Ta CHTe-
PaIBHOIO HEPBOBOIO CHCTEMOIO, IO BiIOYBaIOThCs uepe3 adepeHTHi
YyTJIMBI BOJIOKHA Baryca, siki IepenaroTh iHQopMaliio mpo 3miHy
CTPYKTYPHOTO Ta (PyHKIIIOHATTBHOTO TOMEOCTA3y LTYHKOBO-KHIIIKOBO-
TO TPaKTy y BIANOBIIHI IIEHTpaIbHI CTpyKTypu. OOpOOIIeHHS OTprUMa-
HHX CHTHAJIB CyHPOBODKYETHCS Mepeadero IMITyJIbCiB TO eepeHT-
HHAM BOJIOKHaM Baryca Ta aJpCHEPriYHAM BOJIOKHAM CHMIIATHYHHX
HEpBIB J10 Tepudepii Ta MOITYIFOETHCS HEHPOIyMOPAIBHOIO CEKPELEI0
TaCTPOIHTECTHHAIBHUX TOpMOHIB 1 nerrruaiB (Sulaeva, 2015). Ha no-
KaIbHOMY DiBHI poiib KiHIeBHX edekropiB 3axucty CO mulyHKa Ta
JIBAHAILSTHNAIO] KUIIKH HaleXuTh NO, NpocTariaHIiHaM i KajbLiy-
TOHIH-TeH-3B s3aHoMy merrruny (Taché, 2012; Gyires et al., 2015;
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Sgambato et al., 2016). OnHOUaCHA TeHEpaIlis TAKKX JIOKATHHUX TT0CE-
pentukiB, sik NO Ta npocTariaHIMHK, HABOIUTh JOCIITHUKIB Ha TyM-
Ky 1pO MHOXHHHI PiBHI B3a€MOJIii MK [UISIXaMH CHHTE3Y LHX Peo-
BHH (Zolotarev et al., 2017). Buuarotbcst MexaHi3MH, depe3 sIKi MOXKe
BiIOyBaTHCh B3aEMHE PETYIIFOBAHHS aKTHBHOCTI €H3MMIB CHHTE3Y IPO-
cTarmaHauHiB — mukiookcureHas i NOS. [HriGyBaHHS IMKIIOOKCHATEHA3
ACITIPHHOM Ta IHIOMETAIMHOM 3HAYHO TT0CNaliioBasio akTuBHICTE NOS,
a X aKTHBais, y CBOIO Uepry, Momyimoe nurix L-aprinin-NO. Arne B3a-
emoist Mbk NO Ta npocTarnasayHaMH He OJJHOCTIPSIMOBAHa, IO T10-
B’SI3aHE 3 PaJUKATBLHOKO TPUpooro NO Ta MiKpOOTOUCHHSIM. 3a OKHUC-
HOTO CTpecy Ta imeMmii criocTepiracThest iHriOyBaHHS! LIMKIIOOKCUTeHA3,
apaxioHOBa KUCIIOTa METabOIi3y€eThCs! JIMOKCUTEHA3HHM [IUISIXOM 3
YTBOPEHHSIM JICHKOTPI€HIB, IO TOCHIIOIOTH 3ananeHHs. [Ipurmycka-
FOTb, IO Ti/IBUIIICHE MPOYKyBAHHS MIEPOKCHHITPUTY CTIPHYHHSE HIT-
pyBaHHS 3QIMIIKIB THPO3WHY B IMKJIOOKCHICHA3aX i3 TeHepawiero
HITPOTHPO3HHIB, BHACIIOK YOTO BiNOYBAETHCS IHAKTHBALLS CH3UMY.
Y Toli ke "ac iCHye yMKa, IO NEPOKCUHITPHT MOYKE BUCTYTIATH 1 SIK
AKTUBATOP ITMKIIOOKCHICHA3 YHACITIZIOK B3aEMOIIT 13 3aJ1i30M Y iX remo-
Bill Tpymi 3 YTBOPEHHSM MPOMDKHOIO PaJUKATIBHOIO MPOAYKTY, LIO
BIUIMBAE Ha Katanitnynuii pouec (Kim, 2014).

Peaxaii 3a y4acTio BUTbHOpaIHKATBHIX MOJEKYIT — CKJIA0BI HOP-
MAJBHOTO MeTabomi3My OioJoriuHmX crcTeM. Di3ioNnorivHi piBHI KHC-
HEBUX 1 A30THUX IHTEpMe[aTiB BUKOHYIOTb Pi3HI BAKIMBI (DyHKIL,
cepelI SIKUX aHTHMIKPOOHi, chrHabHi, anTraronTryHi (Lykholat et al.,
2016a; Pérez et al., 2017). HammipHa reHepartist akTHBHHX (HOpM KHC-
HI0 (ADK), 11151 s1KOT HEJOCTATHSI IPUPOJIHA 3aXKICHA AHTHOKCHIAHTHA
Oy(epHa eMHICTh, BUKIIMKA€ OKHCHE TIOLIKO/DKEHHS TKaHUH. [ acTpo-
IHTeCTUHAIbHHIT TPaKT — KIFouoBe prepesio ADK, ockibku mocTiiiHo
KOHTAKTY€ 3 KHUIIIKOBOIO MIKpO(IIOPOIO, TETHYHUMH (aKTOpaMH Ta
Ma€ HaWBMITy KOHIICHTPAII0 KCAHTHHOKCHIA3W B OPraHi3Mi, IO pa-
30M 13 (haromuTapHIMN KIITHHAMH TeHEpYIOTh 3HAUHY KUIBKICTB Cy-
niepokcun anioniB (Bhattacharyya et al., 2014). 3a BixcyTHOCTI TaTono-
riysoro mnportecy B CO racTposyoeHaIBHOT 30HH BiMIYa€eThes 30a-
JIaHCOBAHA aKTHBHICTb (DEPMEHTATHBHUX CHCTEM, 110 TreHepyroTh ADK,
i cucrem aHTHOKCHaHTHOTO 3axucty (AO3). [lopyiuenHs GaaHcy MK
ytBopenrsiM ADK Ta iX yrumizaii€to, 10 BUKIMKAIOTh Ha[MIpHE Ha-
KOIMYEHHsT TPOIyKTiB nepekucHoro okucHenrst mimigie (ITOJI), xa-
paktepmsyeThes sik okrcHuiA ctpec (Lykholat et al., 2016b; Yermishev
et al,, 2017). His daxropiB arpecii y CO cympoBOLKY€EThCS MOMIKO-
JKEHHSIM 1i KITHHHUX CTPYKTyp (Hacamriepes], MITOXOHIpIi), IO BH-
KIIMKA€E MOPYIICHHS MITOXOHAPIATBHOIO TPAHCMEMOPAHHOTO IOTEH-
Ly Ta BUTOK MITOXOHpiaJIbHOrO cyrepokcuay. Lle, y cBoro uepry,
HIyKy€e PO3BUTOK OKHCHOTO cTpecy Ta anomro3 kiitnH CO (Matsui
etal., 2011; Kwiecien et al., 2014).

IcHye 3HauHa KUTBKICTB JIOCITIDKEHB I10/I0 3aXMCHOTO BILIHBY aMi-
HOKHUCIOT Tix yac ypakeHHs CO racTpoxyoneHanbHOI 30HA. Y CTarTi
(Kunio et al., 2013) moka3aHo, 110 AIETHYHAN TITyTaMaT 30aTHAN aKTH-
BYBaTH IIUTYHKOBI a)epeHTHI BaryCHI BOJIOKHA 3 HACTYITHOIO TIPOJyK-
miero NO Ta CTHMYIHIIER0 CHHTe3y MyIMHIB. 3aCTOCYBaHHS ITyTaMa-
Ty HaTpilo y TBApHH 3 iHIOMETAIMH-HTyKoBaHM ypakeHHsM CO cy-
TIPOBO/DKYBAJIOCH TTOCHJICHHSIM eKCHpeCii (hakTopy poCTy CyIHMHHOIO
eHJoTeNiio Ta aHrioreHesoM (Amagase et al., 2015). Aminokucnora
L-aprinin peaiizye cBoi 3axucHi Bnactuocti B CO ractpomyozeHab-
Hilf 30HI Yepe3 aHTHOKCHAAHTHI MexaHi3Mu Ta NO-cuctemy (Jiménez
et al., 2004; El-Demerdash et al., 2010). ®apmakonoriaauii mpenapar
L-aprinin-L-riyramary, Bifomuii CBO€IO TiIIOAMMOHIEMIYHOIO, TeIIaTo-
TIpoTeKTopHOIO Aieto (Babak et al., 2005), nocrmipKyeTsest SIK JOHATOp
NO 3a maronorii ceprieBo-cyauHoi cuctemu (Semenchuk et al., 2017),
B SKCIIEPUMEHTAIBHUX MOJEIIX — SIK MPOKIHETHK I1iJ] Yac JiKyBaHHS
cumToMiB (yHKiioHanbHOT aucrenicii (Ishibashi-Shiraish et al., 2016).

Mera crarti — BcraHoBuTH BrutB L-aprinin-L-mimytamary Ha npote-
CH TIEPOKCHIALIIT Ta CITM30TBIPHY (DYHKIIFO KITITHH IUTYHKA, CHCTEMY aH-
THOKCHJIAHTHOT O 3aXFICTY B KPOBI T TKAHWHAX TIEYIHKH Ta TOJIOBHOTO MO3-
KY LLIypiB 3 eKCTIEPUMEHTATIBHOKO T1ATOJIOTIE0 TACTPOITYO/ICHATBHOI 30HH.

MarepiaJ i MmeToqH 10C/IKEHb

JlocimpkeHH s TPOBOIMIIM Ha OUIMX GE3MOPOHMX LIypaxX-CaMIsixX
macoro 220-250 r (n = 24). Jlocri/HKeHHs IPOBOMIIH 3T1JHO 3 BUMOTa-

Mu €BPOMEHCHKOT KOMICIi HAMTISTY 3a TPOBEICHHSM JTa00PaTOPHKX Ta
IHIIHX JOCIT/DKEHB 32 YYaCTIO eKCIIePHMEHTAIBHIX TBapuH. MeTomu-
Ka MpoaHaji30BaHa Ta CXBJCHA JIOKAIBHIM KOMITETOM i3 GioeTHKn
Jepxaroi ycraHoBH «IHcTUTYT ractpoenteposorii HAMH Vkpaitm».
TapuH po3MOIUTIIH Ha YoTUpH TPy, [ pyma [ — koHTpOEHa (n = 6);
IypaM BHYTPIIIHBOILTYHKOBO (Yepe3 30HI) YBOMIH (i3l0oriuHmi
pozunH. Jlo rpymm 11 (n = 6) yBIHIILTH TBAapHHU 3 €PO3HBHO-BHPA3KOBH-
vu ypaxenasvu (EBY) ractpomyonenansHoi 30HH. MozemoBaHHS
EBY 3nificHioBayi 3a cxemoro, HaBeneHoto Tarasenko et al. (2001),
IUISIXOM IHTparacTpaIbHOTO yBeeHHs: MemyHoi ol (1 Mi/100 1) B
MOEAHAHHI 3 IMOOLTI3ALIHHO-XO0MOOBUM CTPECYBAHHSM IPOTSTOM
onuiei romunn 3a +4 °C tepmitom 7 ai6. ypu rpymm 1T (n = 6)
OIHOYACHO 3 MozemoBaHHsIM EBY oTprMyBaimi BHY TPIIIHBOUEPEBHO
4% pozunn L-aprinin-L-rmytamary (20 mr/100 r macu Tima). s
yrouneHHs poiti NO-epriuroro MexanisMmy Jii L-aprinin-L-riryramaty
Ha KUTBKICHUI CKJIaJ] MyIIMHIB Ta BUIFHOPAMKAIBHI TPOLIECH, IIlypam
3 EBY rpymu [V (n = 6) omHouacHo i3 i1’ exiisimut 4% po3unty L-apri-
HiH-L-TTyTamaTy yBOIIM HeceNleKTuBHHH iHrioitop NO-crTa3u — L-
NAME (L-NG-nitroarginine methyl ester, 1 mr/100 ). TTo 3aBeprueHHi
eKCIIEPUMEHTY EBTaHa3il0 MPOBOIMIM il KETAMIHOBUM HAPKO30M Y
J031 1 Mr/100 T muIIX0M JeKarmiTarmgi.

JlocrmimKyBany KpoB, TKAHUHH [IUTyHKA, TIEYiHKH, TOJIOBHOTO MO3-
Ky mypiB. ¥ CO nuiyHka BMICT 3arajibHHX [IIKOMPOTEIHIB BU3HAYAII
mertozioM . 1. Ienekerixoi Ta criBasr. (Rudenko et al., 2004). Pisens
CIaJIOBHX KMCJIOT BUBYAIM 32 MeTonioM I. Warren y peakii 3 Tio6ap0i-
TYPOBOIO KHCJIOTORO, BMICT (hyKO3H — 32 JIOTIOMOTOFO PEAKIIil i3 COsi-
HOKHCIMM LcTeiHoM MetonoM L. Dische, koHueHTparito rekco3ami-
HIB — y peakllii 3 aleTUIALEeTOHOM Y JIy)KHOMY CEpEIOBHIII METOIOM
R. Palmer (Prohorova, 1982). Y kpoBi, roMoreHarax TKaHHH LITyHKa,
TICYiHKH, TOJIOBHOTO MO3KY, akTHBHICT [1OJ] Bi3Hauami 3a BMicTOM
TBK-akTHBHUX TIPORYKTIB y peakiii 3 Tio0apOiTypoBOIO KUCIOTOIO
(Ovsjannikova et al., 1999). ¥V nociimHIX TKAHWHAX CTaH aHTHOKCH-
JIAHTHOI CHCTEMH BH3HAYAIN 32 PIBHEM BiJTHOBIICHOTO [Ty TATIOHY, 110
JICTepMiHyBA/ 32 peakiiero EinMaHa Ta MOKa3HUKaMH aKTHBHOCTI
(epMeHTIB aHTHOKCHIAHTHOTO 3axHcTy. AKTHBHICTh Katanasu (Kar)
(K® 1.11.1.6) orjiHrOBa/IM peakiyi€ro 3 MoTibIaTOM aMMOHIFO, [Ty TaTi-
onpenykrasu (I'P) (K 1.8.1.7) — 3a mBuzkictio okrcHenns HAJIPH,
ryTartionnepokeraazu (ITIO) (KD 1.11.1.9) — metonom, B OCHOBI
SIKOTO JIOKUTH PEaKisi B3aeMomii peakTuBy Emnmvana 3 SH-rpynamm
(Barkovskij et al., 2013), cynepoxcumemytasu (CO) (KD 1.15.1.1) —
34 IHriOyBaHHSIM BiTHORJICHHS HITPOCHHEOTO TeTpasonito (Pereslegina, 1989).

CratuctruHy 0OpOoOKY JAHHX 3iCHIOBAIM 33 JIOIIOMOIOKO
nporpaMHoro naketa Statistica 6.0 (StatSoft Inc., CIIIA). O6uucrrosa-
M cepenHe apudmerryHe (X) Ta CTAHAAPTHY MOXHOKY CepeaHBOro
apumetiaroro (SE). JIoCTOBIpHICTh BiMIHHOCTEH KOHTPOJIBHOI Ta
JOCITiAHOI TpyT ouiHtoBaH MetoioM ANOVA. Biporimaim BBakaii
BimMiHHOCTI Ha piBHi P < 0,05.

Pe3yabratn

AHaJTi3 OTPUMaHKX PE3YJIBTATIB CBIIUMTS, 1110 MOJieioBaHHs EBY
y ttypiB Il rpyru cympoBODKYBaIOCh 3MEHILICHHSIM KLUTBKOCTI 3aralib-
HUX TITKOmpoTeiniB B 1,4 paza (P < 0,05) 3 01HOYaCHOFO 3MiHOIO SIKiC-
HOTO CKJIa/ly IIITYHKOBOTO CJIM3Y. PiBeHB ClallOBUX KUCIOT 301TBIIMBCS
B 2,1 paza (P < 0,05), a BMicT (yko3u Ta reKcO3aMiHiB 3MEHIIIMBCS B
1,3 1 1,9 paza, immosimao (P < 0,05). 3a3naveni 3mian CO nuiyHKa
BinOyBaMCh 3a 0fHOYACHOI akTuBarlii rporeci [10J1 y Horo TkaHuHI,
PO IO CBITYMTH 30UTbIIeHHST KinbkocTi TBK-aKkTHBHUX MPOIYKTIB y
2,0 paza (P < 0,05) BiTHOCHO MOKA3HKKIB KOHTPOJIBHOI TPyTH (Ta0I. 1).

VY kpoBi TBapuH rpym I [ist TaTOreHHNX YMHHUKIB iHTeHCH(IKY-
BaJIa BUTbHOPAIMKAIIBbHI peaKLii Ta qucbaiancyBana podOTy aHTHOKCH-
nmanTHOi cucteMd. PiBeHp TBK-akTHBHHMX MPOAYKTIB IUIa3MH KPOBI
36impmmBCes Ha 56% (P < 0,05), B eputpormrax — Ha 30% (P < 0,05)
BITHOCHO KOHTpOJNBHUX iHekciB. [1in wac axruBarii COJl Ha 32% (P <
0,05) omHOYaCHO 30UTBIIMIIACH AKTUBHICTD aHTUTIEPEKUCHIX CH3HMIB!
katanasu — Ha 18% (P < 0,05), I'TIO — na 66% (P < 0,05) nopiBrstHO 3
AHAJIONYHAMH TIOKA3HUKAMH TPyNU KOHTpoio. Ilyn BinHOBIEHOTO
mIyTationy BucHaxuBes B 1,3 pasa (P < 0,05), aktuBHicTs eH3umy P,
II0 M€ BiHOBIIIOBATH OKMCHEHMIA TJIyTaTiOH, 3aJMIlaiach 0e3 3MiH
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BITHOCHO 710 JTaHHX LIypiB rpyr I (Tadut. 2). Y TKaHMHI [eYiHKH TBa-
puH rpymm 11 BinGynack inaxruBargst COJ1 Ha 22% (P < 0,05) 3a omHo-
yacHoro 3menmensst aktuHocti ['TIO Ha 20% (P < 0,05) Ta BucHa-
KCHH ITyJTy BIIHOBJICHOTO TyTaTioHy Ha 62% (P < 0,05), y pe3yibra-
Ti Horo BinOynock nocwieHHs npoueciB [10J1 1 3pocTaHHs KiTBKOCTI
TBK-axtuBHIX TipomykTiB Ha 19% (P < 0,05) BifHOCHO BiIMOBITHIX
KOHTPOJIGHHUX TIOKa3HWKIB (TaOn. 3). ¥V Tkammmi I'M mypis rpymm 11

dopmyBannss EBY  ractpoyoneHaIbHOI 30HH CYNPOBOKYBAIOCH
3MEHIIICHHSIM PiBHSI BIJHOBJICHOTO TUTyTaTiOHY Ta aKTHBAIIEI0 KaTaya-
3u B 1,5 paza (P < 0,05) npu ToMy, 1110 aKTUBHICTb iHIIKMX SH3UMIB aH-
THOKCHJIAHTHOT'O 3aXHCTy HE 3MiHIOBAJIACh, IO CIPUYHMHIUIO 3HAYHE
HakoraeHHs npoxyktiB [10J1. Ha ne Bkazye 3poctanns piBHs ThK-
AKTUBHUX MPOAYKTIB y 3,5 pasa (P < 0,05) mopiBHAHO 3 BiATIOBITHUME
KOHTPOJIGHIMY IOKa3HIKaMH (Ta0lL. 4).

Tabauus 1
Cruan myrmHiB i [10J] y nutyHKy TBapyH 3 €pO3HBHO-BUPA3KOBUMH ypaxkeHHsIMH (X + SE, n = 6)

Tloka3Huku I'pymal I'pymall I'pynalll I'pymaIV
3aramsHi TIKOMPOTETHH, MI/MIT 0,81+0,07 0,58+0,03" 0,77+0,04" 0,61+006""
DyKo3a, MMOJIB/TT 8,59+049 680047 8,88+0.25" 7,59+0,55
CiayloBi KHCIIOTH, MMOJTH/IT 1,10£0,05 233+0,19° 148+0,14” 1,18+0,08
TeKcO3aMiH, MMOJTH/T 10,79+0,76 568+035" 6,93+039” 3,16+035""
TBK-aKTHBHi TIPOTYKTH, HMOJIL/T TKAHHHH 446+039 896096 639067 875047

Ipumimxu: * — P < 0,05 mix koHTponsHOIO (1) Ta nocmigaumvu rpymamu; ** — P < 0,05 mik mokasaukamu rpyi 11 ta III; ***— P < 0,05 mix rpymamu 111 ta IV.

Taoaums 2
Toxazuuku [TOJ] i aHTHOKCHIAHTHOT CHCTEMH KPOBI LIypiB 3 €pO3HBHO-BUPA3KOBUMH ypaskeHHsMH (X + SE, n = 6)

TokazHuku I'pymal I'pymall I'pyna III I'pymalV
THK-aKTHBHi IIpoIyKTH, a3Ma 2,62+0,12 419+042° 292+0,117 307+0,12°
HMOJB/MIT KpoBi €PUTPOLTH 1437+099 18,61 1,15 1535+0,84 1832+0,98"
COJI, ym. on. 0,037 40,003 0,049 + 0,003 0,072 +0,004"" 0,022 +0,003""
Karanaza, MMomsH,0,/rHeexs 3,58+0,13 424+0,06° 3,63+0,12" 2,89+0,08""
BizHoBnenuii r1yTaTion, MM/ T 237+0,04 1,81+0,04" 1,99+0,05" 291£0,10""
IO, MMonsH,Oy/rHeexs 0,096 + 0,004 0,160+ 0,003 0,158 +0,004" 0,091 +0,005™
I'P, itMomsHa/[PH/rHeexs 0,39+0,01 0,37 0,01 044+0,02" 023 0,01

Ipumimxu: B. Tabm. 1.

Taoaunsa 3
Toxaszuukw [TOJ] i aHTHOKCHIAHTHOT CHCTEMH TKaHHHH TIeYiHKH Y TOCIIAHNX TBAPHH 3 €PO3UBHO-BUPA3KOBUMH ypaykeHHsMH (X + SE, n = 6)
Tloxazanku I'pynal T'pynall I'pyna Il I'pynaIV
TBK-axruBHi npoykT, EMoms/r 400+027 478+0,117 434+0,08" 640+0,52""
COJI, ym. on. 0,80+0,05 0,63 +0,04 0,75+0,04™ 046+0,03""
Karanasza, MMomsH;O./rexs 5742+8.7 572,1+9,5 6343 +10,0"" 4662 +13,1°™
BinHosreHwii rityTation, MMOJB/T 2,58+0,07 0,99+ 0,05* 126+ 0,08** 1,56+ 0,09*
IO, MMomsH,Oy/r*xB 19,70 +0,81 15,89 +044° 17,19+0,89" 14,75+ 0,89"
I'P, mkMomsHa/JIPH/r*xB 0,048 +0,001 0,046 + 0,001 0,047 0,001 0,030 40,001

Tpumimxu: nuB. Taom. 1.

Tao6auus 4
Ioxazunkwu ITOJ] i aHTHOKCHIAHTHOT CHCTEMH TKaHHUHH TOJIOBHOTO MO3KY IIypiB 3 €pO3HBHO-BUPA3KOBHMU ypaxkeHHsIMHE (X + SE, n = 6)
TokazHuku I'pymal I'pymall I'pymalll I'pymalV

TBK-axTvBHi potykTH, EMoms/r 1,64+0,07 569+0,14" 5,15+0,19" 584+039
COJL, ym. ox. 047+0,03 0,50+ 0,03 0,83+0,04"" 0,50+ 0,06
Karanasa, MMobH,O,/rexB 89,0+6,1 1339+6,1" 190,74+9,5"" 731+£35™
BiTHORIICHHiA Ty TaTIOH, MMOJIB/IT 1,14+0,04 037+0,03" 0,80+0,03"" 126+0,07"
ITIO, MMomsH,Oy/rexB 11,05+0,65 10,54 +045 1539+0,88"" 8,28+0,79"
I'P, mkMomsHa/JIPH/r*xB 0,050+ 0,001 0,050+ 0,001 0,065 +0,002"" 0,028 + 0,001

Tpumimxu: nuB. Taodm. 1.

In’exuii L-aprinin-L-rinyramary y tBapuH 3 EBY cnipusimi 30116-
[ICHHIO KUTBKOCTI 3araJbHUAX TIKONPOTEiHIB BiTHOCHO TMOKAa3HUKIB
mypiB rpym II — B 1,3 pasa (P < 0,05). PiHi ¢yxosu ta cianoBux
KHUCIOT y TBapuH Ipynu 11l BiTHOBWINCH JI0 KOHTPOJBHUX 3HAYCHB,
aJie BMICT T'eKCO3aMIHIB 3QJTMIIINBCS. HYKYHAM 32 KOHTPOJIBHI iHIEKCH,
X04a 1 3pOCTaB BiZIHOCHO BIATOBITHUX JaHUX InypiB rpymu I Ha 22%
(P < 0,05). ITpouecu ITOJI y TkanvHi nutyHka TBapuH rpymu I1I yro-
BUTBHIOBAJIUCH 3 Aii L-apriHin-L-riyramary, kinbkicte TBK-akTiBHIX
TPOZYKTIB 3HIDKYBa1ack Ha 29% (P < 0,05) BiTHOCHO iHzeKCIB 1typiB
rpymu II (Tabm. 1).

YV kposi tBapuH rpymu Il croctepirami mopaislry akTHBALLIO
emumy niepuiol anku AO3 — CO/ Ha 47% (P < 0,05) nopiBHsHO 3
JaHAMH 11ypiB rpymu II. AKTHBHICTB KaTaiasd 3MEHIINIIACH 10 KOH-
TPOJIBHUX 3HAYEHb, TOJ 5K aKTUBHICTP {HIIIOTO aHTHIIEPEKHCHOTO €H-
3umy — ['TIO 3avIumBCst 3HAYHO BHILMM 34 PiBHI QHAJIOTTYHOTO iHJIEK-
cy uypis rpymu II. Axkrusarist I'P Ha 19% (P < 0,05) cripustia noros-
HEHHIO ITyJ1y BiJHOBJEHOTo riyTationy Ha 10% (P < 0,05). 3asHaueHi
3MmiHn B cucteMi AO3 y kpoBi mmypiB rpymu Il cympoBomkyBanich
3HIDKEHHAM 1HTGHCHBHOCTI BUIPHOPA/IMKAIBHHX IPOLECIB, TPO IO

CBITUATH 3MeHITIeHH: KiUTbKocTi THK-akTHBHIX POAYKTIB y IU1a3Mi Ha
31% (P <0,05) BizmoBigHO 10 MOKa3HKKA ITypiB rpymH 11 (Tabm. 2).

'V TanvHi niedinky mypis rpynu 11 3a BBy L-aprinin-L-rimyTa-
Mary BigOymach JOCTOBIpHA aKTHBALis (hepMEHTATHBHOI aHTHOKCH-
nartol mak: COJl — na 20% (P < 0,05), xaramasu — Ha 11% (P <
0,05) BimHOCHO BiANOBIMHKX JaHKX TBapuH rpymH 1. Kinbkicts BimHO-
BJIGHOTO [TyTaTioHy 3pocia Ha 27% (P < 0,05), piBens TBK-axTiBHIX
HpOJyKTiB 3HM3UBCS Ha 9% (P < 0,05) nopiBHAHO 3 aHANONYHUMH iH-
nexcamu rpym 11 (Ta6om. 3).

YV TkaHHHI TOIOBHOTO MO3KY BBezieHHs L-apriHin-L-ryTamary y
urypis rpymu 111 aktuByBano emsumu nepioi jgaHku 3axucty — COJLL
Ha 66% (P < 0,05), xaranasu — Ha 42% (P < 0,05), ['TIO —Ha 46% (P <
0,05). Axrusanist I'P #a 30% (P < 0,05) cnprstina miBHIIEHHIO ITyITy
BITHOBJICHOTO TyTaTioHy B 2,2 pasa (P < 0,05) BiIHOCHO BiIMOBITHIX
niokasHukiB TBapuH rpynu 1. [Tpote, akruBanis cuctem AO3 y MO3KY
typiB rpymu I He copusiia 3MEHIICHHIO IHTCHCHBHOCTI IPOLICCIB
TTOJI, mpo 110 CBiTYMTH BIACYTHICTH KitbKicHUX 3MiH TBK-akTiBHIX
TIPOIYKTIB Y TKAHHHI TOJIOBHOTO MO3KY w1ypiB rpymu III (tabm. 4). Oxn-
HouacHi iH’exuii L-apridin-L-rimytamary ta L-NAME y miypiB rpymm
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IV B CO nutyHka HiBenmoBaiu e)eKTH 1301b0BaHOTO BILUMBY L-apri-
HiH-L-niyTamary, npo IO CBiTYMTH 3HWDKEHHS KUTBKOCTI 3arajlbHHX
riikornporeiHiB Ha 21% (P < 0,05) 3i 3MiHOIO SIKICHOTO CKJIazy CIM3y:
MaJTH MiCLIe TeH/ICHII{i 10 3MEHILICHHS KUTHKOCTI (hyKO3H Ta JIOCTOBIpHE
3HIDKEHHSI Tekco3aMiHiB y 2,2 pasa (P < 0,05), BiTHOCHO BiIIOBiTHIX
iHgexciB TBapuH Tpymu Il VBemeHHS HeceleKTHBHOTO iHTiOiTOpY
CIIPUSUIO Pi3KOMY HakonudeHH!o IpoxykTi I1OJ] y TkaHnHI IUTyHKA:
piBens ThK-axTuBHIIX 1potykTiB 3poctas Ha 37% (P < 0,05) BizHOCHO
rioka3HuKiB TBapuH rpym I1I (taomn. 1).

YV kposi mrypi rpymu [V crioctepirany iHakThBariio dhepMeHTa-
TuBHOI TaHku AO3 — CO/] 'y 3,2 pasa (P < 0,05), xatanasu — Ha 21%
(P <0,05), I'TIO — Ha 43% (P < 0,05), I'P — na 48% (P < 0,05). OmHo-
YaCHO 3pOCTaB PiBEHb BITHOBJICHOTO IMyTaTioHy — Ha 46% (P < 0,05),
BITHOCHO QHAJIOTTYHUX JaHuX TBapuH rpynu 111 (Tadm. 2).

V neuinmi tBapuH rpymu IV axtusanis ITOJ] BinOymnack 31 30016~
mensssM TBK-akruBrux mpomykriB Ha 47% (P < 0,05) Ha T iHaKTH-
Bartii COJI na 39% (P < 0,05), xaranasu — Ha 27% (P < 0,05) ta I'P —
Ha 37% (P < 0,05) BiamoBimHO 10 roka3HuKiB TeapuH rpyr [1 (tadm. 3).

V TkaHuHI MO3KY LIypiB rpymH [V Takoxk Mana MicLe T0CTOBIpHa
iHaKTHBaIls aHTHOKCUIAHTHUX er3uMiB: COJl — Ha 40% (P < 0,05),
Karanasu — y 2,6 paza (P < 0,05), ['TIO — Ha 46% (P < 0,05), [P — Ha
56% (P <0,05) 3a 30UIBIIEHHS MyJTy BiTHOBJICHOTO IIIyTaTioHy Ha 57%
(P <0,05) BimHOCHO BiMOBiMHUX iHeKciB TBapuH rpymw 111 (Tabm. 4).

O0rosopenns

MopemoBannst EBY ractpomyoneHaIbHOI 30HH LUISIXOM iHTpa-
racTPaIGHOTO BBEICHHS MEIMYHOI JKOBYI 33 HOEAHAHOI 1ii iMOOLTi3a-
L{HO-XOJIOZIOBOTO CTPECYBAHHS B €KCHEPUMEHTAIBHUX TBApHH BH-
KIMKaJIO TOCHICHHS BUIBHOPAUKAJIBHUX TIPOLIECIB Y BCIX JAOCIIIHIX
TKaHnHAX. [Ipn 1poMy Bricokwii piBeHb TBK-akTHBHHMX NPORYKTIB Y
KpOBI, TKAHNHAX IIUTyHKa, TIE9iHKY Ta TOJIOBHOMY MO3KY CBITYHTH IIPO
PO3BUTOK y HUX OKCHIATUBHOTO CTpecy. [1aToreHHuiA BIUIMB JKOBYI Ha
CO 1uTyHKa peati3yeThest 3aBIAKU JCTSPreHTHUM BJIACTUBOCTSIM YKOB-
YHUX KHCJIOT, OCHOBHOIO MIILICHHIO ISl SIKUX BHCTYIIAIOTh JIITiIHI
KOMIIOHEHTH CIM3y — (hocorimizm, 1o 3a0e3nedyoTs riapodobHicTh
crmsoBoro mapy (Yandrapu & Sarosiek, 2015). ®ocdomimiau 3Ha4HO
T BHIIYIOTH B’SI3KICTh 1 HPOHUKHICTH CITM3Y, BIUTMBAIOTh HA SIKICTB 3a-
XUCHUX MyIWHIB. [ TiBKka OBepXHEBO-aKTHBHUX (pocorimmiaiB Ha To-
BepxHi CO 3axuInae CTpyKTypHi KOMIIOHEHTH IIUTYHKA BiJl 3BOPOTHOI
mudysii H'-iomiB i3 #oro npocsiry. [is H'-ioniB BUKIIKa€ CTpyKTypHi
nopytieHrst CO Ta Ti MIKpOIMPKYJISTOPHOI JJaHKU. B pe3ynbTari Ma-
FOTh MICIIC TIMOKCHYHI SIBHIIIA, [0 HANTAT CYTPOBOLKYFOTECS PO3BHT-
KOM OKCHJIaTHBHOTO cTpecy. IMMOOLITI3alliiHO-X0I0I0BE CTpeCyBaHHs
JIOCITIHUX IIyPiB Yepe3 MeXaHi3MU HOpaAPEeHEePridHOl CTUMYJBILLT 10~
narkoBo mocwmoe [TOJL. [lis momkomkyBanbaux ¢axtopis Ha CO
[UTyHKa SKCTIEPAIMEHTATIBHIX TBApHH TOPYIIyBajla CHHTE3 1 SKICHHI
CKJIaJ] CEKPETOPHUX MYLHHIB. 3HIDKEHHS KUIBKOCTI 3arajlbHHX IIIKO-
MPOTETHIB CYIPOBODKYBAIOCH KUTBKICHIMH 3MIHAMH 1X BYTJICBOIHIX
KoMIIoHeHTIB. Orirocaxapyay MyIMHIB MOKYTb cKianaty 10 90% 3a-
TaJIbHOI MOJIEKYJBSIPHOT MacH 3piioro riiikonporeiHy. bioximiuni Biac-
THBOCTI Ta (DYHKLIT MyLIMHIB, HaCAMIIEPe], 3aJIeXarh Bilt ckiary O-Iii-
kauiB. [Tporiec r1iKO3MTIOBaHHS MYLIMHIB BiIOYBA€ThCS 3a Aii POAUHN
SH3UMIB IJIiKO3UTTpaHcdepas, o MaroTh CBill BIacHUI Halip KiHETHY-
HHX BIIACTHBOCTEH 1 cyOCTpaTHy crierm}igHiCTh, KOHTPOIOIOTH 1 KOp-
CTKO PeryJIol0Th ByIJIeBOAHMI Mpodhits Ha armomyryHi. Came 3MiHH
AKTUBHOCTI TITIKO3UITpaHc(epa3 3a MaTOJONYHIX MPOLIECIB BHKITHKA-
10Th YTBOPEHHS HexapakTepHux rikonporeini (Duarte et al., 2016).
Iexco3aminu Ta ¢yKoza — OCHOBHI KOMIIOHEHTH Y CKJIaJ[i MyLWHIB
LITYHKA, SIKi BAKOHYIOTb 3aXHCHY POJIb POTH iH(EKIIHHIX aTOreHiB.
Saranenssi CO CympoBOKYETHCS 3CYBOM MPOQLTIO TITIKO3UITIOBAHHS
3 MPEBATIOBAHHAM HETATHBHO 3apsDKEHMX TIKAHOBHX (DparMeHTiB,
HacaMmIiepes, CiaJloBUX KUCIOT. [CHYIOTh NOCTI/DKEHHS, IO CBiIYaTh
IpO pOib MEIaTOpIB 3alaieHHst Y Perysiiii TpaHCKPHIIi TeHiB
MYIIHIB, 1[0 YTBOPIOKOTE refib (Zolotova, 2014).

3a aHaJIi3y OTPHMAHUX JAHUX PO3BHTOK OKCHIATUBHOIO CTPECY y
JIOCITTHAX TBApUHAX Ma€ TKAHUHOCTICIM(ivHI 0COOIMBOCTL. Y KPOBI
TBapuH 3 EBY akrtuBartist pepmentatusroi anku AO3 He KOMITEHCY-
BaJa BUIbHOPAIMKATIBHKX MPOLIECIB, Y Pe3yJIbTarti Bi0yBaIOCh BUCHA-

JKEHHSI ITyJTy BiJHOBJICHOTO IUIyTAaTiOHy, a piBeHb TBK-akTnBHUX 1Ipo-
JIyKTIB 3pOCTaB SIK y I1a3Mi, TaK i B GPUTPOLIMTAX. EpUTpormTH — BHCO-
KO CIIeLjiaTi3oBaHi KIITHHH, 10 BiIIOBIAIOTH 33 TPAHCHIOPT KHCHIO 3
JIereHb y TKaHUHA. HasBHICTh BUCOKHX KOHLICHTpALIIH MOJIEKYJIIPHOTO
KHMCHIO Ta 3J1i3a B TEMOBIi TPYTIi PUTPOLIUTIB CTAHOBUTH TIOTEHLIIHY
3arpo3y YTBOPEHHS BUCOKO PEAKIHIX KUCHEBIX MeTaOoIiTiB. [ ere-
pamiss ADK B eputponmTax, Hacamriepe]i, 1oB’s3aHa 3 ayTOOKHCHEH-
wsM remoriiodiny (Hb) B merremorio6in (MetHb), B pesysnbrari goro
TPOIYKYEThCs CyTepokcHnit anion (O7), i 3a yuacti COJL muc-
MyTye y nepekuc BomHio (H,O,), 1m0 MoXe BCTymatd B peakiiito 3
irmav O~ aGo pearysar i3 samisoM y opmi Fe** (peaxusii Derrom).
IMpoxyxT 060X peaxiiiii — TOKCUIHUH TiAPOKCUIBHUIA PaUKa, 31aT-
HUI TIOIIKODKYBATH KJIITHHHI OUIKM Ta TIONIHEHACHYEeHI MeMOpaHHI
JIHMiM, 110, Y CBOIO Yepry, BUKIMKAE (yHKIIOHATBHI Ta CTPYKTYpHI
TIOpYILEHHS epUTPOIMTIB (van Zwieten et al., 2014). BimsHopamkars-
HI IPOZYKTH ayToOKHUCHEeHHsT Hb, 1110 yTBOPIOIOTBCS caMe Ha epHTpo-
IUTapHiil MeMOpaHi, Bi/THOCHO HEMOCTYIIHI TSI TIEPEBAYKHO IITO30b-
HOI aHTHOKCHJIAHTHOI CHCTeMH epuTpormTiB. Karanasa He MOxe KOH-
Kypysatu 3 Hb 3a B3aemopii 3 H,O,, sikitit yTBOPIOETBCS HA €PUTPOLHU-
TapHiii MeMOpaHi, Tofi SK BHpilaTbHy ponb y Heifrpamizamii ADK,
TEHepPOBAHMX Ha MeMOpaHi eputpolmTiB, Binirpae ['TIO. Ha edexrus-
HICTh KaNiIAPHOrO KPOBOOOITY Ta MOCTAYaHHS KHCHIO N0 TKaHHUH
BIUIMBAa€E (DYHKI[IOHATBHA TTOBHOLIHHICTH SpPUTPOLIHTIB, KA BU3HAYA-
€TBCSI MEXaHIYHUMH BJIACTHBOCTSMH MEMOpPAHHM, JOCTaTHIM pPiBHEM
AT® i KHCHEBOTPaHCHIOPTHOIO (yHKIiEr0 reMoruiobiy. [TixrprvaHHs
KPOBOTOKY B KaIiisapax 3aJIe)KUTh Bijl 3IATHOCTI PUTPOLIMTIB JI0 Jic-
(opmarri. 3a Jii OKCHIATHBHOTO CTPECy BiIOYBA€THCS YIIKOMKCHHS
MeMOpaHHHX OUIKIB, y TOMY YHCITi MEeMOpaH LIUTOCKEIETY, sIKi Bi/IOBI-
JIAroTh 3a J1e(hOpMOBAHICTh YEPBOHHMX KPOB’SHUX Tienb (Mohanty
etal.,, 2014). ITepeGynoBa MeTabOIi3My EPUTPOLIUTIB — OJJHA 3 IPUYUHH
PO3BUTKY Tinokcranux 3MiH y CO mutyHKa.

'V tanuHi niedinky tBapyH 3 EBY ractpoxyonenansHoi 300U c1io-
CTepiraii JICTIPECito CH3UMIB AHTHOKCHIAHTHOT JIAHKU Ta 3MCHIIICHHSI
PIBHS BiJIHOBJICHOTO IJIYTaTiOHY, IO CBITYUTH MPO JEKOMIICHCALIIO
neuinkoBux cucteM AO3. TlediHka — opra, sKuii BUKOHYe MeTaboJTiy-
Hy (yHKIIi0 Ta Oepe y4acTb B 00MiHi OUIKIB, BYIJICBOIB, XKHUPIB, TOP-
MOHIB, BITaMiHIB, y MPOLIECaX 3HEIIKO/DKCHHS Ta JICTOKCHKALIT eHII0-
TCHHUX 1 EK30rCHHHX PEYOBHH. BHCOKa aKTHBHICTH METAOOMIYHIX
TIPOLIECIB Y TIEHiHII POOHTH il KITITHHA OCHOBHUMH MirtieHstvu i1t ADK.
MitoxoHmpii, MIKPOCOMH Ta TIEPOKCHCOMH B MAPEHXIMAaTO3HIX KITiTH-
HaxX Ie4iHKY — OTeHIiHHI reHepaTopy BUTbHHX pamkaiis i ADK. ITo-
PYIICHHS PEIOKC-TOMEOCTasy Y TEUiHIIl iHyKYOTh HE3BOPOTHI 3MiHH
KITITUHHKX JIimiiB, 6ukie, JIHK, Ta, 1110 BaKITHBO, MOTYITFOOTE NIISIXH,
SIKi KOHTPOJIIOIOTh HopMaubHi Oiosoriuni ¢ynkiii (Li et al., 2015).
HaiiBaximBinmii HeepMEHTaTUBHIIA T1APOQLTGHIIT aHTHOKCUIAHT Y
MIEYiHIl — TIYTATiOH, TPHMENTHH, Y-L-ryTamin-L-crelnimmiimH,
HalMonmpeHinmiA HeOUTKOBHUI TiON. [y TaTioH pencTaBIeHni y Kili-
THHAaX y TIOJN-BiJHOBJICHIH (BITHOBJICHMH INIYTaTioH) i AWMCYIbGiI-
okwcneHilt (opmax. BinHOBIEHMIT ITyTaTiOH CHHTE3YETHCS TUIBKH B
[UTOIUIA3MI BCIX KIITHH ccaBLiB. IIpoTe neHTpansHui opraH #oro
CHHTe3y — IediHKa. BiTHOBIICHNI Ty TaTiOH CHHTE3Y€EThCS i Vivo Y Bl
crafii IUIIXoM HocinoBHOT Aii 1Box AT®-3a5exHIX eH3UMIB i3 ami-
HOKHCIIOT-TIOTIePE/THHKIB LIUCTEIHA, TilyTamaTa Ta riiiuHa. [lepia pe-
aKIlisl CHHTE3y BITHOBJICHOTO TIIYTaTiOHY — YTBOPEHHS Y-TIIyTamin-L-
LIACTEIHY 3a IOTIOMOTOI0 (pepMEHTY Y-TITyTaMUILMCTEIHIra3u — reTe-
POIMMEDY, KU CKJIAIAETHCS 3 TBOX CyOOIMHHUIIL — BaYKKOT KaTATITHY-
Hoi (GCLC) Ta nerkoi Mmoxystoproi (GCLM), 110 KORYIOTCS pi3HH-
MU T€HaMH, y CKJIaJli SIKUX € aHTHOKCHIAHT-EJIEKTPO(LI-PECTIOHCHB-
Huii enement (ARE), o 3a6e3neuye ix penokc-perysimito. GCLC ne-
MOHCTPY€ BCIO KaTaTiTHYHy aKTUBHICTh XOJIOCH3UMY Ta IHriOyeThest 3a
THIIOM 3BOPOTHBOTO 3B’SI3KY BiZHOBJICHOIO [JIyTATIOHOM, IO 3B’S3Y-
€TBCS 3 TTyTaMaTHUM caiitoM (epmenty. GCLM 3nauHo 3HIKYE K|
IUI1 TTyTamara Ta iHriOyBaJbHOTO e(peKTy BiTHOBICHOTO TITyTaTiOHY.
3a (i3I0MIOrYHIX YMOB PEryJBLlisl Y-IITyTaMUTIACTEIHIIra3) 3iHCHIO-
€TBCS. HCAUIOCTCPUYHMM 3BOPOTHIM  3B’S3KOM 13 BITHOBJICHUM
DJIYTaTioHOM i OioztocTymHicTIO L-1cTeiny, sIkiil y BUCOKHMX KOHIICH-
TPALSIX TOKCUYHUH. J[pyra peaxiisi CHHTe3y BiIHOBJICHOTO Ty TaTiOHY
BiZIOYBa€ThCsI 32 BIUIUBY [VIyTAaTIOHCHHTETA3H, IO KaTali3ye B3a€EMO-
iro y-riytamit-L-iucreiny 3 L-rmitpHom. Crijt BIIMITHTH, 11O Y-TTy-
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TAMUTIMCTEIHITIra3a JIMITY€ HIBUIKICTh CHHTE3Y BiJHOBIICHOTO TIyTa-
TioHy. LleHTpasbHa POJIh MIEYiHKK y IHOMY CHHTE3i, HacamIiepe]t, mo-
B’s13aHa 3 JIOCTYIHICTIO IHcTeiHy. CaMe y mediHili MeTaboTi3yroThes
AMIHOKHCIIOTH, OTPHMaHI 3 PaLlioHy, Ta BiIOYBa€eThCs TPaHCCYIbDyYTY-
BaHHS METIOHIHY 3 yTBopeHHsM IucTeiHy (Chen et al., 2013; Shelly &
Lu, 2013). ITicist cuHTE3y B IMTOIUIA3Mi TITyTATiOH 3a JIOTIOMOTOIO
MeMOpaHHIX TPAaHCHIOPTEPIiB IPOHHKAE B IHII KOMITAPTMEHTH KIIITHH
(MiTOXOHMPII, SPO Ta EHIOIUIA3MATHYHAN PETUKYIIYM, 1€, 32 BUHST-
KOM OCTaHHBOTO, 3HAXOIUTHCS Y BITHOBJICHIN (opmi). B eHmorazma-
THYHOMY PETHKYJIyMi OKHMCHEHa (hopMa TIIyTaTiOHy HEOOXimHa st
TPABIIIBHOTO CKIIA/IAHHS Ta CEKPETOPHOIo Iunixy Outki. KpiM Toro,
MOXUTHBHM MDKKJTITHHHHN Ta MDKOPTaHHHE TPAaHCHOPT [JIyTaTiOHY.
CHHTE30BaHHI y TICHiHIl TIIYTaTiOH BUBUIBHSETHCA y TUIA3MY KpPOBI
Yepe3 CHHYyCOinHy MeMOpaHy. B HOpMi eKCropT IITyTaTioOHy IiepeBa-
Kae Horo Metaboi3M y nedinmi. 20% CHHTE30BaHOTO y MEdiHIli Iy Ta-
TIOHY B OKUCHEHIH (hOpMi BUBLIBHSETHCS Yepe3 KaHATIKYISIPHY MeM-
OpaHy B YKOBY, JIc Oro KOHIICHTPAIIis 3HAYHO BHIIIA, HIK Y TICUiHIT.
Tleuinka — OCHOBHe, ajie He €/IMHE HKEPENIO BiTHOBJICHOTO ITyTa-
TiOHY. Y KpOBI ITyTaTioH He MeTabomi3yerbest. Lle BinOyBaeTbest micist
iioro Hamxomxenns B wiithau (Kulinskij & Kolesnichenko, 2009). Ha
BIIMIHY Bill CHHTE3Y, KaTabOMi3M BiTHOBJICHOTO TIIyTATIOHYy Ta HOTO
AITyKTIB BiIOYBA€THCS BUHATKOBO Y TIO3AKIIITHHHOMY TIPOCTOPI Ha 1O~
BEPXHI KIIITHHHIX MeMOpaH, sIKi eKCIIPECYIOTh €H3HUM Y-TJTyTaMiITpaH-
cepazy. JlaHuii eH3UM TiIpoIti3ye BITHOBJICHHI TITyTATIOH JIO TITyTa-
MIHOBOI KHCJIOTH Ta IUTICTITHIA [UCTETHIIIIIMHA, 1110, Y CBOKO Yepry,
TIIPOITI3Y€EThCS IUTICTITHIA3AMH JI0 CKJIAIOBUX aMIHOKHCIIOT, SIKi Tt
TOMTHHAIOTHCSL KIIITMHAMY [Tl TIOJQIIBLIOT0 MeTaboIi3My abo pecuH-
Te3y. Mo)KHa KOHCTAaTyBaTH, 10 PiBeHb BHYTPILIHBOKIITUHHOIO Ta
TI03aKJIITHHHOTO BiTHOBJICHOTO TITyTATIOHY BH3HAYAETHCS OATTAHCOM MK
H0TO BUPOOHHIITBOM, CTIOKUBAHHSIM 1 TPAHCTIOPTYBAaHHSM. Y 3B’5I3KY 3
BOKJTUBICTIO HOTO (hi3i0OriyHIX (YHKITIH I1i MPOLIECH KOPCTKO pery-
JIOIOTHCS. AKTHBHICTB €H3HMMIB, 110 OEpyTh y4acTb y MeTabori3Mi Bift-
HOBJICHOTO TIyTATIOHY, KOHTPOJIFOETHCS HA TPAHCKPHUITLIHIX, TPaHC-
JSIUIAHKX 1 IOCTTPAHCIBILIHHIX PIiBHAX. Y HALIOMY €KCIIEPHMEHTI I1a-
JUHHS PIBHS BiHOBJICHOTO TNIYTATiOHY Y KJIITHHAX MEYiHKH IIypiB 3
EBY ractpomyoneHansHOL 30HH 32 HeaMiHeHol aktuBHocTi [P, Bipo-
TiJIHO, MOXKe BiIOYBaTUCS SIK 32 30UTBILICHHS CHHYCOITHOTO BIITOKY Ta
MDKOPTraHHOTO MEPEPO3NOALTY, TaK i 32 iHTIOyBAHHS CHHTE3Y.
Po3BuTOK 11i€i TATONOTI B €KCIIEPUMEHTAIBHAX TBAPHH CYTIPOBOZ-
JKYETBCS IECTAOUTI3AIEI0 OKHCHO-BITHOBHUX TIPOIICCIB y TKAHUHI TO-
JIOBHOTO MO3KY, 10 iHTeHcHpikyBano [10J1. 3a3HadeHi 3MiHH, Hacam-
Tiepesl, TOB’s13aHi 3 JHE0 TOMIKOKYBATHHUX MATONCHHUX YWHHUKIB,
1110 BUKJTMKAJIM Ha[IMipHE MOpa3HEHHs BiCLIEPOPELIENTOPIB IIUTyHKa Ta
CYIPOBODKYBAIUCH 3MIHOIO aKTUBHOCTI LICHTPIBHUX PETYJIATOPHUX
CTPYKTYp, TOB’SI3aHUX i3 TPHIHATTSIM 1 MEpepOOKOI0 IMX CUTHATIB.
OKuCHHI CcTpec MO)Ke BHKIMKATH TpsIME TOMIKODKEHHS KIITHH TO-
JIOBHOTO MO3KY. 32 HOPMAJIBHUX (Di3i0IOTIYHNX YMOB MO3OK CCaBIIiB
crioxuBae 0m3bK0 20% 3ararbHOI KUIBKOCTI KUCHIO B opraHi3mi. ['o-
JIOBHUI MO30K 3HAYHO 30arayeHuii MojTiHeHACHYCHUMH JKUPHHMH KHC-
JIOTAMH, BKIMBUMH JUTsST HSHPOHHKX (DYHKIIIH Ta 4y TIMBUMY JI0 aTa-
ki ADK. Cucremu sx AO3 y roJI0BHOMY MO3KY JOBOJI HEUHCIICHHI
(Ren et al., 2017). V HammoMy eKCIIpPUMEHTI Il 4ac MOJICIFOBAHHS
EBY racrponyoneHanbHOI 30HH B HOrO TKaHWHI BiIOyBasach JIHILE
AKTUBALLS KaTaja3u (IPHCYTHS JUIIE B MIEPOKCHCOMAX), IO CBITIUTh
po BUCOKY KoHueHTparito HyO,. Anle 0OCHOBHE [DKepeno y KIITHHAX
TOJIOBHOTO MO3KY — MITOXOHIPIi, Jie Karajasa BiICYTHs, a OCHOBHUI
saxucHui emsuM — [ TIO. Biporinso, axrusaris I TIO mimiTyBanacst Hi3b-
KOO KOHIICHTPAITEFO B TOJIOBHOMY MO3KY BiTTHOBJICHOT'O TITyTATIOHY.
In’exuii L-aprinin-L-rnyramary, siki oTpuMyBald eKCHIepUMEH-
TaJTbHI LypH OfHOYAcHO 3 MonemoBanHsM EBY, HopmaizyBasm Kisb-
KicTb 3aranbhux rikonporeiHiB y CO nutyHKa 3 OJHOYACHUM BiTHOB-
JICHHSIM CKJIAJIOBHX BYTJIEBOJHHMX KOMITOHEHTIB MYLIFHIB i 3MCHILICH-
HSIM TIPOLIECIB JIMONEPOKCH AL, 3a3HaueHl 3MiHU, HA HaIlly TyMKY,
HacamIepe]] oB’s3aHi 3 pobororo cucremu L-aprinin-NO. [ min-
TBEP/DKEHHS M€l TiMOTe3M BUKOPUCTAHO HECENIEKTHBHUH OJIOKaTop
NO-cunrasn — L-NAME, sikuit yBomwmi ozHodacHo 3 L-aprinin-L-
[JIyTaMaToM. YBEICHHs OJIOKATOpy HiBENFOBAIO OTPHMAHMI PE3yIib-
Tar BIumBy L-aprinin-L-rinyramary B CO: piBers TBK-akTiBHEX TIpO-
JKTIB 1 3arajlbHAX MIIKOIPOTETHIB HE3HAYHO BIPI3HSBCS BiI TIOKA3HU-

kiB TBapuH 3 EBY, ski e orpumyBamm L-aprinis-L-rityramar; Kiab-
KICTh OCHOBHHX BYIVICBOJHHX CTPYKTYPHMX KOMIIOHEHTIB MYILMHIB —
reKCo3aMiHiB, OyJ1a 3Ha4HO MEHILIOIO TTOPIBHSHO 3i Iypamu 3 EBY.

B L-aprinin-L-rytamary y tiypis 3 EBY Bukiikas inentud-
Hi 3MiHU cuctemn AO3 y TOCTIIHIX TKAHHHAX, 110 BUPAKAIOCh 30a-
JIAHCOBAHOIO aKTUBALIEIO aHTHpaauKaabHoro emsuMy CO/ 1 aHTHIe-
pexucuoro I'TIO. OxHouacHO criocTepiramm nomnoBHeHHs mmyiy BI i
ynoBitsHeHEst nponeciB [10J1 y kpoBi Ta TKaHMHI TIEiHKY, TOM] SIK Y
TKaHHHI TOJIOBHOTO MO3Ky akTHBailisi cucteM AO3 He cripusiia iHTioy-
BanHro nporiecis [10J1, 110, BiporiiHO, OB S3aHe 13 3aHA/ITO IHTCHCUB-
HHAMH CTPEeCOpaMH, sIKi 3aCTOCOBYBAIIM Iif 4ac MojesmoBaHHs EBY.
3pocTaHHs PiBHS BIHOBICHOTO IVIyTaTiOHy 3a BIUMBY L-apriHin-L-
TJIyTamary B KPOBi Ta TKAHHHI TOJIOBHOTO MO3KY BiIOyBaJIoCh 32 y4acTi
TP, po 1m0 cBigumTh 1i aKkTUBALls, a Y TKAHWHI MIEYIHKA OCHOBHHM
MEXaHI3MOM TIONOBHEHHS ITyJTy BiJHOBJICHOTO INIYTATiOHY, Ha HAIIy
IyMKy, OyB cuHTe3 de novo. 3actocyBands L-NAME ixriOysano Bci
(depmertit AO3, IO CBIUUTH TIPO B3AEMHI PEryJIITOPHI MEXaHI3MU
AHTHOKCUAHTHOI cucteMu Ta NO.

Binoma pomb NO sik nornHada 0" 3 YTBOPEHHSIM NIEPOKCHHUT-
putry (ONOQO"), mpuyoMy KOHCTaHTa B3a€MOZIi 1aHOl peakiii Oibliia,
HbK 3a maeMyTartii O, mo Karamizyerscss COJI. OkpiM BioMoi mo-
mkomKyBanbHOI 1, ONOO™ Mo)ke BIUTMBATH Ha METa0OIMi3M BilTHOB-
JICHOTO TIIYTaTiOHy, 3 YTBOpeHHsM Hitposoriytationy (GSNO), mio
npu3HaHUN K eHnoreHHuil pesepyap NO. GSNO 3patHuil 1o ekc-
HOPTY 3 KJIITHH Yepe3 MeMOpaHHi TPaHCIIOPTEPH BiJHOBJICHOTO IITyTa-
TioHy. [Tpurtyckaroth, 1o B peakiisx yrBopeHHs GSNO came KOHIICH-
TpaLlisl BiTHOBJICHOIO TTyTATIOHY KPUTHYHA M 4Yac B3aemofil 3 NO-
crcremoro (Keszler et al., 2010; Broniowska et al., 2013). Buuarotscst
mexanizvu BuBUtbHEHHI NO 3 GSNO. IcHye rimoresa, Mo po3Kianas-
w1 GSNO BiOyBa€eThCs 32 MPHUCYTHOCTI BiTHOBJICHOTO TIIyTATIOHY Ta
karamizyerbest Zn/Cu-CO/J (Kolesnik et al., 2013).

3acrocyBaHHs HecenekTHBHOTO iHribiropy NO y tBapun 3 EBY
JI03BOJISIE 3pOOKTH MPHITYIIICHHS, 110 I/ Yac OnokyeanHs NO-cucte-
M BiiOyBaeThest BuBUTbHEHHS NO 3 GSNO, mpo 1o cBiuMTh CTa-
OLIbHMIA PiBEHb BiJHOBJICHOIO ITyTAaTIOHY y TKAHMHAX MEYiHKH Ta T0-
JIOBHOMY MO3KY, 1 IOr0 3pOCTaHHs y KPOBi Ha TJIi 3araibHOI aerpecii
AO3 i axruari [TOJI. [Tprryckaemo, 110 HOMOBHEHH ITyJTy BiJHOB-
JICHOTO TIYTaTiOHy B yMOBax iHTiOyBaHHs [ P BinOyBanock 3a paxyHOK
CHHTE3a de novo 3 BUKOPUCTaHHSM yBezieHoro L-rmytamary. Wu (1998)
TOBIIOMJISE, 110 CaMe JIFOMIiHATBHUIT [IlyTaMar, a He TyTamar, OTpH-
MaHHH 13 TNIIOTaMiHy, — IPIOPUTETHE JUKEPETIO JUTSI CHHTE3Y BiJIHOBIIE-
HOTO TUTyTATIOHY.

OnHa 3 0cHOBHHX (DYHKLIiH BiJHOBIIEHOTO MIyTationy Ta GSNO —
MOJIYJTFOBAIbHHI BILUTMB Ha IPOLISCH OKCUTeHALlil, ICOKCHIeHaLlil KpoBi
B Kaliapax i Ha CIOPiHEHICTh TeMOrIIo0iHy 10 KucHio. LlupKysto-
rounit y kpoBi NO 3B’s3y€Tbcs 3 TeMOII00iHOM Y (hopMi S-HiTpo30Tio-
Ty, a came S-Hitpo3oremoriodidy (SNO-Hb). S-nitposyBanas Hb no-
nermye Bin exHaHHst NO 3 reMy, peryJroeThes AIOCTEPHIHO Ta (hyHK-
LiOHATBHO MOB’s3aHe 3 npuexHaHHsM O,. I1in gac 38’s3yBanmst Hb 3
O, y Jieresix #oro CropiHeHiCTb Ui S-HATPO30TIONy 3pOCTac, a il
yac BiIgayi — 3HIWKYETbCs, B pe3yssrari 4oro NO BUBUIBHSETBCS Y
TKaHuHy. [IpuryckaroTs, 1o 3a peakiii SNO-HDb i3 BigHOBICHUM TiTy-
TATIOHOM BiOYBAEThCS MOIMGIKALLiSI CIIOPIIHEHOCTI TeMOIIIO0IHY 110
KHUCHIO, 3CYB KPHBOI JIUCOLIIaLlii OKCUTeMOTIIO0IHY BIIPAaBO, BUBLILHEH-
w1 kucHio. BB SNO-Hb Ha tpanctiopt NO 110 TKaHWH JOCHTB ic-
TOTHHUH, ocKUTbKH BHBUTHHEHHsT NO 3 kominiekey 3 Hb cyTreBo 3ame-
JKUTH BiJl HasBHOCTI a00 BifCYTHOCTI KHCHIO. Came B TIMOKCHYHHX
ymoBax Hb niepexomuts i3 R- B T-koH]popMaLito, B sIKii BiH He MOXe
minso yrpumyBary NO (Robaczewska et al., 2016).

ITincymoByro4H, MOXHA KOHCTATyBaTH, 110 L-apriHis-L-rityramar
yepe3 NO-3aj1e)Hi MEXaHI3MH ITij 4ac ToeHaHoro BIumBy Ha AO3,
30KpEMa, HA CUCTEMY BiITHOBJICHOTO TIIYTaTiOHY, MOYKE MOIYJIOBATH
CTaH MIKPOLMPKYJIITOPHOI CHCTEMH y CITH30Bii 0OO0JIOHII IILTYHKA, [0
BUKJTVKAE BITHOBJICHHS (DAKTOPIB i 3aXHCTYy.

BucnoBku

MoziemoBaHHsT  €pO3MBHO-BUPA3KOBUX YpPaKeHb TacTPOIyOe-
HaJIbHOT 30HH B €KCIIEPUMEHTATIBHIX TBAPUH CYTIPOBODKYETCS IHTEH-
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crdixargiero npouecis [TOJ], mucOanancoM poOOTH CHCTEM aHTHOKCH-
JAHTHOTO 3aXUCTy Ta PO3BUTKOM OKCHIATHBHOIO CTPECY B KPOBI, TKa-
HHMHAX LDTYHKA, MEYiHKH, TOJIOBHOTO MO3KY. Y CIM30Biii OOOJIOHII
LITyHKa EKCIIEPUMEHTAIBHUX TBAPUH 3MCHILYEThCS 3arajbHa Killb-
KICTb (DaKTOPIB 3aXHCTy — CEKPETOPHHX MYLHHIB 3 OTHOYACHOIO X
CTPYKTYPHOIO 3MiHOK. 3acTocyBaHHs L-apriHiH-L-rityTamary 3meH-
LIIy€ IPOSIBY OKCHIATHBHOTO CTPECY y TKAHWHI LIUTYHKa TBAPHH 3 EKC-
TIEPUMEHTATBHOIO TIATOJOTIEI0 Ta HOPMAJI3ye KUTBKICHUH 1 SIKICHHH
CKJIaJl MYLIMHIB. Y KPOBI, TKAHWHAX IIE4iHKH, TOJIOBHOTO MO3KY ILIypiB
iH’exuii L-aprininy-L-riyramary cripusii akTiBanii eH3UMIB Nepriol
AHTUPaJIMKAIBHOL JIAHKU — CYNEPOKCUIIMCMYTA31 Ta KaTaiasH, 3011b-
LICHHIO ITyJTy BiIHOBJICHOIO [VIYTaTiOHY Ta YIOBLUIBHEHHIO BUTHHOpA-
JIWKAJTBHUX peakiit. JlocmimkeHHs peakiid Ha Jiro HribiTopy Iae mii-
craBu 14 rinote3u npo NO-omocepeIKOBaH i MexaHi3M BIUTHBY L-
aprifie-L-riryTamary 3 yTBOpeHHsIM S-HITPO30TIOJIB, PO IO CBITYHUTH
BHCOKWMI PIBEHB BiTHOBJICHOTO IIIYTaTiOHY ITi/{ 9ac HOro 3aCTOCYBAHHS.
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