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CONCERNING THE MECHANISM OF INHIBITORY
EFFECT OF Lys-PLASMINOGEN ON THE
AGGREGATION OF HUMAN PLATELETS
Bilous V.L.1,2, Roka-Moya Y.M2, Zhernossekov D.D.2
Taras Shevchenko National university of Kyiv, ESC «Іnstitute of Biology», Kyiv,
Ukraine;
2
Palladin Institute of Biochemistry of the National Academy of Science of Ukraine, Kyiv,
Ukraine.
e-mail: basil.bilous@yandex.ru
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PURPOSE: Plasminogen is a zymogen of plasmin, the key enzyme of fibrinolytic system. Circulating
in plasma form, Glu-plasminogen is composed of 791 amino acids and divided into seven
structural domains: N-terminal peptide domain, five kringle domains and C-terminal serine
protease domain. Four of five kringle domains (K1, K2, K4 and K5) contain lysine-binding sites
(LBS). It was found that K1-LBS is the only LBS for ligand binding in circulating plasminogen,
whereas all other LBS are engaged in intra-molecular interactions (1).
Membrane of blood cell is a place of localization of proteins which belong to the plasminogen
activation system: plasminogen activators and plasmin. On the surface of endothelial cells and
monocytes Glu-plasminogen is transformed into Lys-form by the limited proteolysis. Lysplasminogen possesses open conformation and can be more easily activated with the plasmin
formation (2). However, Lys-form of plasminogen is not detected in the blood of healthy donors.
So, physiologic role of Lys-plasminogen is unclear. We have shown that exogenous Lysplasminogen but not its native Glu-form inhibits platelet aggregation stimulated by ADP, thrombin
and collagen in both: platelet rich plasma and suspension of washed platelets (3). The aim of this
work is to define the role of certain structural domains of plasminogen molecule in the observed
inhibitory effect. One of the possible mechanisms of plasminogen interaction with the surface
receptors is the binding of carboxyl-terminal lysines by LBS of plasminogen molecule. The lysine
analogue, 6-aminohexanoic acid (6-AHA), prevents this binding. In our experiments 6-AHA in
concentration from 0.05 to 1mM abolishes above mentioned inhibitory effect. Taking into
consideration the range of the used 6-AHA concentrations we can conclude that LBS of low and
high affinity, which are located in kringle domains of plasminogen, are involved in the interaction
of Lys-plasminogen with platelet surface proteins. Serine protease inhibitor, aprotinin (5.5 IU/ml)
added to aggregation mixture does not make any influence on the inhibitory effect of Lysplasminogen during thrombin-induced platelet aggregation. It has to be noted that this
concentration of aprotinin has no effect on platelet aggregation.
METHODS: The influence of plasminogen kringles (K1-3, K4, K5) and mini-plasminogen, which
contains K5 and serine protease domain, on platelet aggregation has been studied. К1-3, К4
fragments and mini-plasminogen were obtained by limited hydrolysis of plasminogen by pancreas
elastase according to (4). K5 was obtained from mini-plasminogen by pepsin limited proteolysis
as described (5, 6). We have shown that K1-3, K4 and their combination have no influence on
thrombin-induced aggregation of washed platelets.It also was not observed any changes in
platelet aggregation in case of mini-plasminogen, where catalytic activity was inhibited by
aprotinin or p-nitrophenyl-p'-guanidine benzoate. However, preincubation of washed platelets with
K1-3, K4 and K5 taken into equimolar concentration with Lys-plasminogen completely abolishes
inhibitory effect of the last one (Fig. 1, points 5, 8, 11). The plasminogen kringle K5 added to the
reaction mixture (washed platelets and 1.2 µM Lys-plasminogen) even at concentration 0.12 µM
recovers platelet aggregation till 80%, whereas K1-3 and K4 at this concentration reach only near
60% as compared as control aggregation level (Fig. 1, points 9, 3, 6, respectively).
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Aggregated platelets, %
Fig 1. The influence of kringle-containing plasminogen fragments on the inhibitory effect of Lys-plasminogen on platelet aggregation
induced by thrombin (1 unit NIH/ml): 1 – control aggregation; 2 – 1.2 µM Lys-plasminogen; 3-5 – plasminogen fragment К1-3, at
concentrations 0.12, 0.6 and 1.2 µМ, respectively; 6-8 – plasminogen fragment К4 at concentrations 0.12, 0.6 and 1.2 µМ, respectively;
9-11 – plasminogen fragment К5 at concentrations 0.12, 0.6 and 1.2 µМ, respectively.

RESULTS: The presented data let us conclude that kringle domains of plasminogen may occupy the
plasminogen binding sites on the platelet membrane. It cannot be excluded that efficient inhibitory effect on
platelet aggregation, which we can observe in case of Lys-plasminogen but not Glu-form is provided by
multicenter character its interaction with simultaneous involving of LBS of certain kringle domains.
The observed effect of plasminogen kringles on the inhibition of platelet aggregation by Lys-plasminogen let
us suggest that LBS of plasminogen kringles provide the plasminogen binding to the adhesive proteins of
platelet surface. There are several candidates on the role of Lys-plasminogen receptors on the surface of
activated platelets (7, 8). These proteins are secreted from α-granules and remain bound to platelet surface.
One of them is thrombospondin, which was proposed to bridge platelets via binding to fibrinogen bound to
the platelet integrin αIIbβ3 or by binding directly to this integrin (9). Thrombospondin has two binding sites for
fibrinogen, one of which coincides with plasminogen binding site. It was suggested that the binding site of
plaminogen to thrombospondin is located within the kringle 5 domain (10). So, we can suggest that in our
experiments Lys-plasminogen can probably impede the effective binding of thrombospondin to fibrinogen
and as a result the platelet aggregation can be less effective. The peculiarity of kringle 5 which we have
shown is in accordance with this suggestion. On the other hand, actin can also be considered as a possible
candidate for plasminogen binding. It is known that actin is exposed on the platelet surface after thrombininduced secretion (11). Plasminogen is able to bind actin with high affinity (12). We can not also exclude
fibrinogen from the list of possible candidates for plasminogen binding. As it was shown before, fibrinogen
adsorbed on the surface undergoes conformational changes and acquires the properties of fibrin [13], which
possesses good binding abilities towards Lys-plasminogen (14).
CONCLUSION: So, the obtained effects of plasminogen kringles showed that LBS of plasminogen kringles can
bind with some adhesive proteins on the surface of activated platelets. This binding may lead to the
disturbance of protein-protein interaction which is the necessary condition for efficient platelet aggregation.
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PHYSIOLOGICAL MECHANISMS OF L-ARGININE
METABOLISM DURING ADAPTATION TO PHYSICAL
STRESS
Bogdanovskaya N.V., Svyatodukh A.N., Golubenko A.V.
Zaporizhzhya National University, Zaporizhzhya, Ukraine.
e-mail: nadezhdabg@rambler.ru
PURPOSE: It is proved that nitric oxide plays an important role in the adaptation of the organism to
physical exercise in particular through the regulation of the functional state of the cardiovascular
system [1, 2]. A number of authors identified the restructuring of the functional status of endothelium
and nitric oxide system in humans under the influence of muscular work, which relates primarily to the
increase in nitric oxide (NO) synthesis and as a consequence to the severity of vascular vasodilator
responses [3]. As we have shown earlier, young sportswomen performing prolonged physical work of
great intensity and amount in either the mode of training, or in aggravated by psychological stress
mode of competition manifested significant changes in nitric oxide synthesis: among the women, at
transition from training load up the same one, but in terms of psychological stress the intensity of the
oxidative degradation of arginine with the participation of cNOS reduced significantly, as well as
arginase pathway of its metabolism by which such important low-molecular bioregulators as urea,
polyamines and GABA are synthesized; and conversely the oxidation of arginine by calcium
independent iNOS enhanced [4, 5]. The goal was to study the characteristics of changes in the
exchange of L-arginine including oxidative nitric oxide synthesis in healthy persons under the
influence of prolonged exercise of significant amount and intensity.
METHODS: The experiment involved untrained students, young men (control group) and trained young
men, handball players (experimental group). Youths of the experimental group systematically
performed muscular work of large amount and intensity during a year (contained training period and
competition period in accordance with the schedule of a team). Biochemical parameters that
characterize the rate of metabolism of L-arginine by two alternative pathways of metabolism (nonoxidative arginase way and oxidative NO synthase one) were determined in blood plasma. The
intensity of non-oxidative metabolism was assessed by the activity of arginase and urea amount. The
intensity of the oxidative degradation of arginine to synthesize nitric oxide was assessed by the activity
of calcium dependent constitutive one, cNOS (it was determined as the total activity of endothelial and
neuronal NOS: eNOS + nNOS = cNOS) and calcium independent inducible one (iNOS), as well as
the level of stable oxidized metabolites of nitric oxide -NO2 - and NO3 -[1, 2]. We also estimated the
intensity of nitrate anions salvage for re-synthesis of nitric oxide by determining NADPH-dependent
nitrate reductase activity in the blood plasma [1, 2].
All biochemical parameters were measured in leukocyte enriched plasma of untrained young men of
the control group at the beginning of survey and in trained young men of the experimental group three
times: at the end of the training period (or beginning of competition period), in the middle and late
period of competition period. In the process of the training period, physical activity was performed in
the absence of factors of psychological stress, and within the competitive period it was performed in
both a stress-free mode, and in stressful conditions of the responsible competitions. In untrained
young men of the control group at baseline of the survey and in trained
ones of the experimental group after the training period, in the middle and late period of competition
period we determined simultaneously the overall physical work capacity (PWC170) by means of sub
maximal test PWC170, and maximal oxygen consumption (VO2max) [3].
All results were processed by statistics method, using t Student's test.
RESULTS: We analyzed the dynamics of biochemical and functional parameters of surveyed and trained
youths. Examination of the latter group was held at the end of the preparation for the competitive
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season, at a kind of a peak of their functional readiness, which was confirmed by their sufficiently high values of
the general physical working capacity PWC170 and maximal oxygen consumption (VO2max). The young men
who trained regularly and intensively for three months at that stage manifested values of almost all the studied
biochemical parameters significantly higher than those in untrained youths of the same age in control group. At
the end of the training period with the maximum values of PWC170 (twice higher than in the control) and VO2max
(excess of VO2max control values by 50%) the dominant role in providing the necessary content of nitric oxide
and as a consequence, the maximum level of functional parameters of trained youths fully adapted to the
implementation of a long and significant physical activity is provided by a sufficiently high activity of constitutive
nitric oxide synthesis (+46.35% compared with the control) in combination with high levels of arginase activity
(+72.73%). Significantly lower (by 14.82%) values of iNOS in young men compared with the control group also
testified in favor of an optimal state of nitric oxide synthesis in young men of the experimental group at the
beginning of the training period.
In the middle of competition period some plasma parameters reached maximum values: the content of nitrite
anion (+16.77%), cNOS activity (+22.30%), and especially nitrate reductase activity (+112.68%), while on the
contrary, content of the nitrate anion (-38.92%) and the activity of arginase (-37.32%) reached the minimum. It is
possible that increased activity of cNOS was due to decreased activities of both arginase and iNOS (-15.20%)
competing with cNOS for the common substrate – L-arginine.
As it was shown, adaptive adjustments in the synthesis of nitric oxide in the boundary phase and even abovethreshold external influences are reflected in the change in the hierarchy of the individual components. In the
survey of youths in the experimental group at the end of competition period, we found significant changes in the
intensity of oxidative de novo and non-oxidative "salvage" nitric oxide synthesis. At that time, the main role in the
synthesis of nitric oxide was owned by its calcium-independent synthesis (significant increase in iNOS activity
from baseline values was 64.23%). Thus, the calcium-dependent synthesis of NO decreased reciprocally (35.76%).
It has been shown that the transition from the relatively favorable conditions of the training period to the extreme
conditions of the competitions was accompanied by a change in the values of the main ways to ensure their
body's nitric oxide – from the dominant role of oxidative constitutive de novo NO synthesis from L-arginine and
non-oxidative arginase metabolism of the latter with the formation of intermediate low-molecular bioregulators and
antioxidants (urea, polyamines, GABA) to the predominance of oxidative calcium-independent inducible nitric
oxide de novo synthesis and its non-oxidative "salvage" synthesis. Thus, we can assume the paradoxical
possibility of participation of non-oxidative arginase pathway of arginine degradation (arginine + H2O → urea +
ornithine → putrescine → GABA → guanidine butyric acid (GBA) → NO or arginine + H2O → urea + ornithine →
glutamate →GABA→ GBA → NO), and not just oxidative NO synthase degradation (arginine + H2O → citrulline +
NO) in maintaining high levels of nitric oxide synthesis as evidenced by a high content of nitrite anion in the blood
plasma of untrained young men. Perhaps it is a necessary and important condition for their effective adaptation to
the implementation of large amount of training loads for a long time. Obviously, high arginase activity in trained
young men may provide additional nitric oxide formation during the oxidation of different isozymes of GBA along
with the classical arginine oxidation by NOS. In addition arginase metabolism of arginine can consistently provide
the body with urea as an antioxidant and regulator of NO synthesis, putrescine as a regulator of cell proliferation
and antioxidant, GABA as a regulator of mitochondrial pore and inhibitory neurotransmitter in the CNS, which is
also very important to adapt to the intense and prolonged physical exercise of a training period in the absence of
psychological stress factors. Within the competition period when the effects of these factors are enhanced, the
intensity of the non-oxidative exchange of arginine is gradually reduced to the level of untrained young men, that
is, from a biochemical point of view there is almost complete body deadaptation at the end of competition period
according to non-oxidative exchange of arginine.
CONCLUSION: The end of training sessions within the training period for young men performing regularly muscular
work is characterized by high levels of both oxidative and non-oxidative metabolism of L-arginine on account of
both calcium-dependent constitutive NO synthase (synthesis of nitric oxide and citrulline) and non-oxidative
metabolism of arginine (synthesis of ornithine and urea). The high portion of nitrite anion content in the total pool
of circulating in plasma stable metabolites of nitric oxide corresponds to body adaptation to prolonged and
intensive physical exercise. An increase in the degree of adverse effects of intensive training (physical) and
competitive (both physical and psychological) stress is accompanied by a pronounced adaptive changes in the
hierarchy of constitutive oxidative (decrease) and inducible (increase) de novo nitric oxide synthesis, as well as
non-oxidative salvage nitric oxide synthesis (increase) andnon-oxidative degradation of L-arginine (decrease).
Physical deconditioning of young men at the end of competition period is accompanied by a significant increase in
the activity of oxidative calcium-independent de novo synthesis of NO and in a less degree by increasing its nonoxidative synthesis due to salvage of circulating oxidized stable metabolites.
REFERENCES:
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nitrogen monoxide. Minsk: Tehnoprint. 110-3.
2. Green D.J., Maiorana A., O'Driscoll G., Taylor R. (2004). Effect of exercise training on endothelium-derived nitric oxide function in
humans. J Physiol. 561 (Pt 1): 1-25.
3. Kingwell B.A. (2000). Nitric oxide-mediated metabolic regulation during exercise: effects of training in health and cardiovascular
disease. FASEB J. 14 (12):1685-96.
4. Bohdanovskaya N.V., Svyatodukh A.N., Malykov N.V. (2008). Evaluation of the role of vascular endothelium in the physical fitness of
female volleyball players during an intense competitive activity. Vіsn Zaporіzk Nat Univ Bіo.sciences. 1:40-3.
5. Bohdanovs'ka N.V., Sviatodukh H.M., Kotsiuruba A.V., Korkach Iu.P., Malikov M.V. (2009). Nitric oxide synthesis during long-term
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PECULIARITIES OF SYSTEMIC INFLAMMATION
INDICATORS IN ACUTE CORONARY SYNDROME,
CORONARY HEART DISEASE AND TYPE 2 DIABETES
MELLITUS
Buko I.V.
Republican Scientific-Practical Center «Cardiology», Minsk, Belorussia
e-mail: buko_iv@rambler.ru
PURPOSE: Among the risk factors for coronary heart disease (CHD), a significant, if not the most
important part, belongs to different markers of inflammation, such as cytokines (interleukins), Creactive protein (CRP), tumor necrosis factor (TNF-α), fibrinogen and others [1, 2]. The interaction of
these factors contributes to the systemic inflammation which degree produces the risk of CHD and its
complicated course. The role of interleukins increases particularly in the presence of combined CHD
and type 2 diabetes mellitus (T2DM), and in unstable angina (UA), when a noted relationship in
interleukin-8 (IL-8) and CRP is seen secondary to the increased plasma nitrotyrosine [3]. Obvious
objective of the development of these studies is to give characteristics to the inflammatory responses
markers in the setting of acute coronary syndromes and association between CHD and T2DM.
The present work contains the analysis of the inflammatory system / oxidative stress (OS) ratio in
coronary aggravated heart disease in light of up-to-date concept of atherosclerosis as an inflammatory
and multifactorial disease considered the interaction of cellular and plasma factors in the development
of CHD and its complications. We have conducted a comprehensive study of biochemical parameters
prior to the intervention in outpatient settings.
METHODS: We examined 370 patients, including 118 subjects with acute coronary syndromes (47 with
ST-segment elevation myocardial infarction (STEMI) and 71 with UA, 144 with chronic CHD without
type 2 diabetes mellitus and in association with T2DM, and 19 subjects with T2DM. Control included
89 healthy individuals.
The concentrations of total cholesterol, total triglycerides, high-density lipoprotein cholesterol and lowdensity lipoprotein cholesterol, glucose, glycosylated hemoglobin; white blood cell count; fibrinogen
(FG), C-reactive protein, interleukin (IL) 6 and 8, myeloperoxidase (MPO) levels; the generation of
hydrogen peroxide by neutrophils in response to fMLP; total antioxidant activity (TAA) (Fe2+-induced
oxidation of linoleic acid); the thiobarbituric acid reactive substances (TBARS) concentration in
plasma; dynamics (0-4 h) of TBARS samples accumulation of low-density lipoprotein and very low
density lipoprotein; superoxide dismutase (SOD) in whole blood, and catalase (CAT) in the plasma
activity, glutathione peroxidase (GP) in erythrocytes; ratio of reduced and oxidized glutathione
(2GSH/GSSG) were examined. For the assessment of plasma oxidant-antioxidant balance the ratio of
the TAA/TBARS expressed in standard units was used. For information on methods used, please
refer to our previous publications [4, 5].
RESULTS: It has been demonstrated that all patients examined were characterized by hyperglycemia
(most marked in STEMI and CHD with T2DM), hypertriglyceridemia, elevated glycosylated
hemoglobin (especially in UA). The accumulation of TBARS in low-density lipoprotein and very lowdensity lipoprotein varied considerably. It was dramatically activated in UA and CHD with no disorders
of carbohydrate metabolism, excluding the groups with STEMI and CHD with T2DM. TAA level was
reduced only in the latter group as well as plasma catalase activity and TAA/TBARS
ratio fell in groups with UA and CHD, reflecting the growing level of lipid peroxidation in atherogenic
lipoproteins. Except for the individuals with CHD, all patients typically showed a reduced blood SOD
activity (especially severe in combined CHD and T2DM) and the growing
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concentration of MPO (attaining maximum in STEMI). Erythrocyte GP activity was reduced exclusive of patients
with UA. These patients had low-level 2GSH/GSSH and, even more pronounced it was in patients with CAD
associated with T2DM.
Maximum level of leukocytosis was detected in STEMI and hyperfibrinogenemia was found in STEMI and CHD
with T2DM, as well as the increased concentration of IL-6. However, the concentration of IL-8 was dramatically
reduced in STEMI, while UA was increased (Tables 1 and 2).
The increase of hydrogen peroxide generation by neutrophils in response to fMLP was found in patients with UA.
FMLP-induced production of hydrogen peroxide by neutrophils in STEMI was not different from the response of
neutrophils in healthy subjects. Significant increase in hydrogen peroxide production by neutrophils produced by
the action of fMLP (40 nmol/l) was observed in patients with type 2 diabetes compared to healthy individuals and
increased 1.3-times compared to those with ischemic heart disease and type 2 diabetes, but the data were not
significant.
Thus, there are significant differences in the manifestations of systemic inflammation and OS in patients with
complicated course of CHD: decreased activity of enzymatic antioxidant defense level (SOD, CAT, GP) in
association CHD with T2DM and the reduction potential of red blood cells secondary to increased systemic
inflammation. These patients had a high level of correlative relationship between MPO concentration and SOD
and catalase activity. The activity of enzymatic chain (GP, CAT) is retained secondary to a high prooxidant activity
and severe inflammation in UA, but dramatically impaired at STEMI when manifestation of inflammation
(especially growing concentration MPO) is maximized.
Comparison of the results studies in different groups of patients shows that markers of inflammation and OS
characterizing the proinflammatory potential of neutrophils depend on a CHD course. MPO concentration
increases in all groups examined, but the maximum expression of fMLP-induced generation of hydrogen peroxide
was seen only in patients with UA and T2DM. It can be assumed that MPO concentration corresponds to the
dynamics of the oxidant-antioxidant balance in CHD, whereas the increase of hydrogen peroxide generation by
neutrophils in response to fMLP reflects the severity of carbohydrate and lipid processes disorders and protein
glycosylation. Attention is drawn to in the expression of extreme fall in plasma IL-8 of patients with STEMI that is
not consisting with the growth of this interleukin and MPO concentrations in other clinical groups. It is well known
that the predominant function of IL-8 in myocardial infarction is the accumulation of neutrophils in the locus of the
myocardial inflammatory response [6]. Such abnormal cytokine profile with falls of IL-8 in patients with myocardial
infarction has been described previously [7]. Undoubtedly, the results of the disorders of antioxidant balance and
systemic inflammation reflect largely the prior extent and duration of disease manifestations OS and carbohydrate
metabolism that cause the difference in their clinical and biochemical profile at acute coronary syndromes and
association with coronary heart disease and type 2 diabetes mellitus.
Table 1 – Indicators of systemic inflammation in patients with coronary heart disease and type 2 diabetes
Indicator
Leukocytes (×109/l)
IL-6, pg/ml
IL-8, pg/ml
MPO, ng/ml

CHD and DM2
6,90 (5,90; 7,50)*
3,49 (3,33; 4,87)**** †
9,56 (5,64; 11,90)*
51,00 (26,90; 101,31)***

CHD without DM2
6,60 (5,90; 7,00)*
2,74 (1,62; 3,86)
7,53 (3,44; 11,61)
40,20 (14,50; 46,00)

DM2
6,70 (5,90; 9,00)*
2,23 (1,58; 3,15)
6,29 (4,55; 10,56)
46,90 (36,80; 86,50)*

Notes – 1) continuous variables are presented as median (Me), the lower and upper quartiles (LQ и UQ),
2) to assess the statistical significance of differences in quantitative traits groups was used U-Mann-Whitney test,
*
**
***
****
†
3) levels of significance – p<0,05; – p<0,02; – p<0,01; – p<0,001 when compared with a group of healthy individuals and – p<0,05 as
compared with a group of people with type 2 diabetes.

Table 2 – Indicators of systemic inflammation in patients with ST-segment elevation myocardial infarction (STEMI)
and 71 with unstable angina (UA)
Indicator
Leukocytes (×109/l)
IL-6, pg/ml
IL-8, pg/ml
MPO, ng/ml

STEMI
11,65 (10,00; 13,70)**** †††
3,98 (1,58; 8,07)***
2,46 (0,00; 5,82)**** ††
111,00 (63,95; 175,00)***

UA
7,00 (5,50; 8,10)***
4,79 (2,60; 17,17)*
9,27 (8,67; 17,63)
78,80 (53,93; 120,00)***
††

†††

Notes – 1) The differences between groups were considered significant at a confidence level – p<0,02, – p<0,001.
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EXPRESS METHOD FOR CONTROL OF IMPURITIES IN
AQUEOUS ENVIRONMENT
Goncharuk V.V., Taranov V.V., Kurliantseva A.Yu.
A.V. Dumansky Institute of Colloid and Water Chemistry of the NAS of Ukraine, Kyiv,
Ukraine
e-mail: lambit@ukr.net; a_yu_kurliantseva@mail.ru
PURPOSE: Changing river channels, especially after heavy rainfall, require daily, sometimes hourly
monitoring of the behavior of silt movements for operational decision-making or preparing strategic
plans for the reconstruction of the coast. To address this problem it is necessary to measure colloidal
impurities, particulate matter in aquatic environments, especially near important railways and roads,
bridge crossings, as the banks of rivers and very often change the channel in one day. Currently,
measurement of the silt of the rivers is carried out using sequential sifting sand through sieves with
pore sizes ranging from 0.05 to 2 mm. To do this, selected samples from the rivers previously dried
and transported to the laboratory and there is already carried out the measurement. Modern laser
devices (Malvern, Fritsch) provide accuracy better than 2 %. However, these devices require large
capital investments and special laboratory conditions.
METHODS: Forced acclimation (FA) of golden hamsters and white rats was carried out by blowing with
cold air (10 0C) (6 exposures per minute) for 15 minutes at the beginning of each from 9 of daylight
hours for 1-3 months. After that the animals were placed into a refrigerator (5 0C) for testing. The rats
shown of increase of resistance to cold and hamsters within 1-2 days fell into the hibernation. We
morphometried the elektronograms and images from confocal brain biomicroscopy and calculated the
fractal dimension D, as tangent of slope of linear approximation of logarithmic dependence of surface
areas of image brightness difference versus dimension of the square, which limits the surface.
RESULTS: The paper presents the results obtained on a series of small optical devices, "Cluster-1."
When the movements of the water at speeds up to 0,2 m3 through the measuring cell is high-speed
registration of the diffraction pattern. Passed through the cell with the investigated liquid laser beam
reflected on the screen of the diffraction pattern, which carries information about the quantity and
concentration of colloidal particles, and taking into account the specific weight, it's about tonnage
transported per day. Parallel processing software allows you to obtain information about the size
spectra of particles, in particular, about the diameter of sand grains, and their share in the total mass
content of silt movement. All information is displayed and, therefore, is processed on a PC, the
software allows you to send the results to a remote information center.
The accuracy of the device in the measurements was controlled by using a quartz standard, colloidal
solutions of leykopodium and latex, particle sizes are 30 and 10 microns, respectively (Fig. 1). The
experimental results correspond to actual size spectrum of the studied particle size, which makes the
following dimension of research is factual. Accuracy of measurements to determine the quantitative
changes of insoluble particles of leykopodium and latex in bulk water and optical inhomogeneities in a
quartz standard was less than 10 %.
To carry out experimental work on the
measurement of particle size spectra and the
sand volumetric concentrations collected on
the basis of meter installation diffraction
"Cluster 1" and priming the system for a
centrifugal pump. Measuring the volume of
the aqueous solution is pumped consumable
counter, the length of the interaction of the
laser beam and the water layer of 10 mm. As
the background (zero size) used purified
distilled water.
Fig. 1. Sizes range of latex in distilled water.
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RESULTS: Used for the measurement of pure water, the solution with calibrated sand size, the actual silt from
the river Yamal, as well as iron hydroxide solutions with different pH. For the preparation of a special solution
– 20 ml of sand was dissolved in two liters of water, creating an initial concentration of the sludge solution is
not more than 1 %. Part of the sand after the beginning of the movement immediately sinks to the bottom of
the flask, and already the first measurements indicate a concentration of not more than 0,4 %. This lack of
measurements for a typical laboratory setup and will be removed during the experiments in the field as well
as all the water will pass through the measuring channel, due to the natural flow. Within 80 minutes of the
measurements showed a subsequent loss of sand in the sediment-realistically reflecting the ongoing process
in the solution. Dynamics of changes in bulk density over time at work priming the system, which is a
laboratory model of a mountain river Yamal is shown in Fig. 2.

Fig. 2. Change of the maintenance of particles of sand
calibrated and a solution of sand from the river Yamal: to 12:33
– water pure, till 12:48 – water with sand, from 12:51 – pure,
from 13:04 – water with sand, from the river Yamal.

Fig. 3. Distribution (%) in time of particles with диамтром 60 – 80
microns.

Post-processing of measurement results allowed to determine the size range of sand particles in aqueous
solution. For example in Fig 3. shows the distribution of sand particles of diameter for different size groups.
With long-term measurements – more than 30 minutes, the results are out on the average fairly stable level,
pointing out every 2 – 3 minutes, the amount of silt transported them to the size groups. While similar
measurements of sand and its distribution volume in the Institute of Hydrology Sciences (St. Petersburg)
receive two days of work, spending time on the drying of sand, its filtration, sieving. While the rapid
measurement obtained on the meter series of "Сluster-1" can provide results in real time and after 5 minutes
to transmit information about the movements of silt at the point of tracking.
Model experiments was made for definition of water quality, which is saturated with waste products of
aquatic animals in the laboratory aquarium. As test organisms used gold fish (Carassius auratus), weighing
up to 100 g. During the first 7 days fish are not fed and recorded changes in the content of impurities
dispersed in water. During the next 16 days fish are fed and again examined water (Fig. 4, 5).

Fig. 4. Changes in the content of impurities in the water tank with
gold fish (Carassius auratus).

Fig. 5. Volume content of particles of different sizes in the
aquarium water with gold fish (Carassius auratus) on different
days:
1 – initial water; 2 – 2 days after the launch of fish; 3 – 6 days
after the launch of the fish; 4 – 2 days after feeding fish; 5 – 6
days after feeding fish; 2 – 13 days after feeding fish.

From the figures it follows that the longer fish are in the aquarium water, the more water pollution and higher
impurity concentration in these waters. It is shown that the particle sizes are not changed during the
experiment, growth occurs only their numbers.
CONCLUSIONS: The results obtained suggest the possibility of using the device "Cluster-1" for to transmit
information on the current network bandwidth to the point of collection and control silt movement and for
water quality control in an aquarium or pool with fish.
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METACHROMASY OF POLYPHOSPHATES AS A
BIOLOGICAL INDICATOR OF COSMIC WEATHER
CHANGE
Gromozova E.1, Kachur T.L.1, Voychuk S.1, Grigoriev P.2, Vishnevskey V.3,
Ragulskaya M.4
1

Institute of Microbiology and Virology of NAS of Ukraine, Kiev, Ukraine
Crimean State Medical University named after S.I. Georgievsky, Simferopol, Ukraine
3
Institute of the mathematical machines and system problems of NAS of Ukraine, Kiev,
Ukraine
4
N.V. Pushkov IZMIRAN, Troitsk, Russia
e-mail: gren.elen@gmail.com
2

PURPOSE: The study of biotropic effects of space weather is impossible without answers to the
question of the formation of evolutionary and adaptive scenario of ancient biosystems functioning.
In this case, inorganic polyphosphates, so-called "fossil molecules", are of special interest as they
are the most ancient molecules arisen in inanimate nature and accompanying biological objects
at all stages of evolution (Brown and Kornberg, 2004). Changing of the state of these
biomolecules, included into volutin granules of microorganisms, is seen in their reaction with
methylene blue (metachromasy reaction).
METHODS: Assessment of visual information can be done subjectively during microscopy of colored
objects. In this case, the authors made the ranking of the effect where number 1 (a blue color)
means absence of metachromasy, while numbers 2 and 3 represent different degrees of
metachromasy.
Visual assessment of the effect characterized with a large range of color perception, however, at
the present stage the development of automated methods of working with digital photos of the
effect, which would eliminate subjectivity, is required.
Results: It is interesting to note that our first attempts at computer-based image analysis of the
metachromasy allow us to propose the constructive hypotheses about the mechanism of reaction.
We made an analysis of histograms of color distribution of images pixels of the volutin granules
without effect and with pronounced metachromasy effect. It was marked that during
metachromasy the polyphosphates of volutin granules exhibit at least two stable states (Fig.1). In
our opinion this may be due to the sol-gel phase transitions that lead to conformational changes
of polyphosphates.
Interest in the study of this phenomenon is currently linked with the new data on the composition
and functional role of volutin granules, intracellular inorganic polyphosphates and advanced
technical capabilities in space weather studying.
Processing of the data of time series of metachromasy reaction (over 10 years of daily
observations during 2001-2014) by means of spectral Fourier analysis and cosinor analysis let to
reveal pronounced periods. It was established that the rhythmicity of metachromasy is almost
identical to the known cosmic periods (Vladimirskiy et al., 1994). According to the results of
ANOVA, on the background of a clear correlation between the detected rhythms of
metachromasy and stable cosmic rhythms, the cosmic rays can be considered as the most
significant factor in this interaction (Fig.2) (Gromozova et al., 2010)..
It can be assumed that the effects of adaptation of biosystems to cosmic-terrestrial factors
observed today are in fact the atavisms of those ancient times when the solar radiation was much
more intensive and was a real destructive factor for newly formed life on Earth. Modern solar-
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terrestrial and cosmic processes do not possess enough energy for such effects, however the reaction is
uniquely and reproducibly marked by numerous researchers at all levels of the biosphere, including at the
cellular level. After the change in the evolutionary dynamics of the Sun and the sharp decrease in the
intensity of the accelerated particles and soft X-ray, the cosmic rays became not dangerous, but left same
suitable as an external synchronizer of individual rhythms of organisms and biological systems in general.

Fig.2 Correlation between the metachromasy and the
cosmic rays.

Fig. 1. Histograms of color distribution of images pixels of the volutin
granules without effect (A) and with pronounced metachromasy effect
(B,C).

It should be noted that energy of modern cosmic rays is too weak to significantly affect the cellular structures.
Therefore, to consider the modern cosmic rays as a really existing biotropic agent is at least incorrect from a
physical point of view. To resolve the contradiction between theories and experiment we must go to the
question of the evolutionary adaptation of ancient ecosystems. When assessing the impact of radiation of the
Sun and of other cosmic factors on the formation of life on the Earth and evolutionary adaptation of ancient
biosystems the "principle of actualism" should be followed (the necessity to use modern analogues during
historical reconstructions). That is, in theoretical models the conditions of ancient Earth are included initially,
and they are very different from today ones, while the parameters of solar activity and radiation flux by
default are considered similar to those observed in the present (Ragulskaya, M. (ed.): 2010).
CONCLUSIONS: Considering a polyfunctionality of inorganic phosphates in cells (bioenergetic aspects, ion
transport, gene expression, etc.) and their evolutionary role (Kulaev et al., 2005) it is possible to suggest that
study of the mechanism of the metachromasy reaction of volutin granules of yeast cells may lead to the
explanation of a lot of phenomena of space biology. Apparently, the continuation of this work requires the
combined efforts of specialists in different fields of knowledge.
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ADAPTATION OF MICROALGAE TO COLLOIDAL
SILVER
Ipatova V.I., Dmitrieva A.G.
Moscow State University M.V. Lomonosov, Moscow, Russia.
e-mail: viipatova@hotmail.com, aigdai@mail.ru
PURPOSE: Due to the increasing use of silver in the pharmaceutical, food industry and domestic
purposes, silver is not only a means of suppressing the growth of harmful microorganisms, but
also as a possible component of water pollution. On the basis of standard toxicity tests, silver is
inherently very toxic. However, these tests are normally run with simple inorganic silver salts
(e.g., AgNO3), which dissociate completely in dilute aqueous solutions to yield free Ag+ ions, a
form of silver that is not predominant in natural exposure settings. Silver nanoparticles with useful
antimicrobial effects are increasingly found in consumer products, but little is known about their
environmental impacts (1). Colloidal nanosilver - a product consisting of microscopic silver
nanoparticles and suspended in deionized demineralized water. This product is made of hightech scientific electrolytic method. Typical silver nanoparticles have a size of 25 nm. They have
an extremely large specific surface area, which increases the contact area of silver with bacteria
or viruses, greatly improving its bactericidal action. Thus, the use of silver nanoparticles allows
hundreds of times to reduce the concentration of silver retaining all bactericidal properties.
METHODS: Our experiments were conducted using green microalga and metallic silver
nanoparticles (NPAg) with an average size of 25 nm. The aim of the present work was to study
the effect of colloidal silver on the growth of laboratory populations of green chlorococcal
microalga Scenedesmus quadricauda (Turp.) Bréb. (strain S-3) and its possible adaptation to the
toxicant. The culture was grown non-axenically in Uspenskii medium N1 N1 (composition, g/l:
0.025 KNO3, 0.025 MgSO4, 0.1 KH2PO4, 0.025 Ca(NO3)2, 0.0345 K2CO3, 0.002 Fe2(SO4)3; pH
7.0-7.3) in conical flasks in luminostat under periodic illumination (12:12 h). We investigated the
toxic action of colloidal silver (Silver-Max) at concentrations ranging from 0.0001 to 0.1 mg/l and
higher in three replicates. The effect of the toxicant was estimated by calculating total cell
number, a share of dividing, dead and resting cells during long-term experiments. The structural
composition of the population was evaluated by method of microcultures to determine the
proportion of dividing, resting and dead cells in culture.
RESULTS: Our studies have shown that the toxicity of the colloidal silver was observed at a
concentration from 0.1 mg/l and higher. It was found that the silver nanoparticles inhibit
photosynthesis of the alga. The toxic algicide and algostatic effect of 0.1 mg/l colloidal silver
lasted for 20 days. After the period of growth inhibition (the reduction of the cell number and a
temporary decrease in the share of dividing cells) we observed gradual recovery of the cell
number in culture. Control population S. quadricauda during the experiment consisted mainly of
dividing and resting cells, and the fraction of dead cells was negligible (less than 4%) (Fig. a). The
maximum of dividing cells was at the 8-11 days of growth, and by the end of the experiment
fraction of resting cells in a population dominated.
In the presence of 0.1 mg/l colloidal silver the fraction of dead cells exceeded the fraction of
dividing and resting cells until 20 day. And by the end of the experiment the ratio of all cell
fractions in the population was at the control level (Fig. b). Thus, the structural composition of the
population under toxic exposure after the restoration of population became similar to the structure
of the control population.
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Fig. Changing the structure of the population S. quadricauda: a - control, b - 0.1 mg/l of colloidal silver (NPAg)

Adaptation of microalga S. quadricauda to colloidal silver was studied by method of passaging cells in the
medium with toxic concentrations of colloidal silver (0.1 and 0.5 mg/l) after the initial intoxication (at 0.1 mg/l)
during different periods of algal contact with the toxicant. We evaluated the adaptation of the culture to
colloidal silver in experiments in terms of algal growth under second toxic exposure after algal growth under
first toxic exposure. We observed an improvement of the algal growth at second intoxication in the presence
of 0.1 and 0.5 mg/l colloidal silver after prior growth of culture in the presence of 0.1 mg/l colloidal silver. The
observed effect of adaptation S. quadricauda to colloidal silver in the experiment during second intoxication
depended on colloidal silver concentration, growth stage of culture, the duration of incubation at first
intoxication. It was shown the possibility of recovery of culture after first and second intoxication in the
absence of colloidal silver in medium.
CONCLUSION: Cell populations of microalgae are complex systems with resistant and sensitive cells (2, 3).
When pollutants are added to a dense microalgal culture, the cell density will be reduced after a few days
due to the death of sensitive cells. However, after further incubations, the culture will sometimes increase in
density again due to the growth of cell variant, which is resistant to the contaminants.
Within limits, organisms may survive in chemically-stressed environments as a result of two different
processes: physiological adaptation (acclimation), usually resulting from modifications of gene expression;
and, adaptation by natural selection if mutations provide the appropriate genetic variability. Because
physiological adaptation is bounded by the types of conditions commonly encountered by organisms, it
remains for genetic adaptation to overcome extreme environmental conditions.
The main mechanism of adaptation of algal populations to high colloidal silver concentrations in our
experiments - the selection of resistant cells during first intoxication. These resistant cells existed originally in
the initial population and appear randomly in the population by rare spontaneous mutations that occur during
replication of cells before the contact with silver and have more sophisticated mechanisms of silver
detoxification.
Adaptation of algal populations to modern pollution-derived environmental hazards seems to be the result of
a rare instantaneous events and the result of resistant cells selection within heterogeneous populations.
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FEATURES OF MACROMOLECULAR ORGANIZATION
OF LIPOPOLYSACCHARIDES OF BACTERIA OF THE
GENUS AZOSPIRILLUM, GROWN IN THE PRESENCE
OF FLAVONOID QUERCETIN
Kanevsky M.V.1,2, Petrunina A.A.1, Fedonenko Ju. P.2, Konnova S.A.1,2

1 Chernyshevsky Saratov State University, Saratov, Russia
2 Institute of Biochemistry and Physiology of Plants and Microorganisms RAS, Saratov,
Russia
e-mail: matvejkanev@mail.ru
PURPOSE: During the adaptation to the environment, as well as the formation of plant-bacterial symbiosis
cell surface of the microorganism plays a key role. For a range of rhizobacteria it was shown that
under the influence of secondary plant phenolic metabolites – flavonoids – the composition and
structure of lipopolysaccharide (LPS) – the main components of the outer membrane of bacteria –
changes. It is established that the presence of flavonoids in the growth medium induces the synthesis
of usually regular polymers with high molecular weight – O-specific polysaccharides (OPS), which are
important during the process of plant root inoculation (1, 2). However, the effect of flavonoids on
production and properties of LPS of associative microorganisms, typical representative of which are
bacteria of the genus Azospirillum, has been studied insufficiently. Considering that the degree of
polymerization of OPS plays an important role in the recognition of soil bacteria by plant roots,
determines the conformation of the molecule and the total number of antigenic determinants (3, 4) it is
necessary to study the factors affecting the length of the O-chain of Azospirillum strains. The aim of
this work was the skrinning of influence of quercetin – a widespread representative of cereal
flavonoids - on the macromolecular organization of LPS of four strains of two Azospirillum species.
METHODS: Cultivation of bacteria was performed on selective liquid synthetic medium with sodium
malate for 24 hours (until the end of the exponential growth phase) in the presence of various
concentrations of quercetin (ranging from 62.5 mkM to 1 mM). LPS was extracted from the raw
biomass with EDTA-containing buffer. The extracts were subjected to proteinase treatment and
subsequent electrophoretic separation. Visualization of the carbohydrate components was performed,
using silver nitrate with preliminary periodate oxidation.
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Fig. 1 Electrophoregram of LPS: A. brasilense SR55, cultured
on a malate medium (control) (1) and in the presence of
quercetin 62.5 mkM (2) and 1 mM (3); A. brasilense Sp245,
cultured on a malate medium (control) (4) and in the presence
of quercetin 62.5 mkM (5) and 1 mM (6); A. brasilense Sp7,
cultured on a malate medium (control) (7) and in the presence
of quercetin 500 mkM (8); A. lipoferum Sp59b, cultured on a
malate medium (control) (9) and in the presence of quercetin 1
mM (10)
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RESULTS: It was revealed that cultivation of bacteria in the presence of quercetin led to an increase in the
heterogeneity of the LPS membrane pool. For A. brasilense SR55 and Sp245 it was shown that the effect
was manifested at low (62.5 mkM) and high (1 mM) concentrations of flavonoid, while the change in the
macromolecular organization of A. brasilense Sp7 and A. lipoferum Sp59b LPS was observed only at high
concentrations: 500 mkM and 1 mM, respectively. When culturing A. brasilense SR55 in the presence of
flavonoid, increase of high molecular fractions of LPS, compared to the control sample, was indicated, as
evidenced by the presence of bands at the top of the electrophoretic tracks (Fig. 1, tracks 2 and 3). In
membrane pool of LPS of A. brasilense Sp245 and Sp7 and A. lipoferum Sp59b, grown in a medium with
quercetin, molecules with different lengths of O-chain were present. The increase of content of
glycopolymers with shorter O-chain as compared with the control was established (Fig. 1, tracks 5, 6, 8, 10).
CONCLUSION: Thus, it is shown that the cultivation of Azospirillum strains in the presence of quercetin leads to a
change in the macromolecular organization of LPS, strain-dependent differences of bacterial responses on
flavonoid were detected.
Taking into account the presence in the studied bacterial cultures of endophytic strain (Sp245) and
ectosymbionts (the other strains), changing the ratio of molecules, different in weight and length of the Ochains in the LPS pool indicates the important role of this glycopolymers in adaptation of bacteria to the
conditions of existence in the association with specific plants.
ACKNOWLEDGEMENTS: This work was supported by grant RFBR (project 14-04-01658).
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EFFECT OF TERAHERTZ IRRADIATION ON
MICROALGAE PERMITTIVITY AS ADAPTATION
MARKER AT WORKING OF METAL-CUTTING
COMPOUND
1

Khmel N.V.,1 Kamenev Yu.E., 1Kolesnikov V.G., 2Khmel S.I.

1 Usikov Institute of Radiophisics and Electronics of National Academy of Sciences of
Ukraine, Kharkov, Ukraine.
2 Joint-stock company «Kharkov bearing plant»
e.mail: dreval@ire.kharkov.ua
PURPOSE: The problem of biological pollution of metal-cutting compound (MCC), intensively applied
in metal-working industry, remains opened in connection with essential reduction of their working
terms.
The decision of this question, as a rule, sees in using of expensive bio-additives and biocide
additives which, on the one hand, have bactericidal effect on microflora, and, on the other hand, it
disorganises of emulsion structure, thus worsening organic indicators MCC. Because of labourintensiveness of disinfecting of MCC, the gravity-flotational method, magnetic method, and the
method of aeration are much less often are applied.
METHODS: In number of experiments we showed that terahertz irradiation of long infra-red range
can have essential advantages in the solution of problem of MCC contamination by microflora
including microalgae. It is known that energy of irradiation of the HCN-laser and its various
modifications comes nearer to energy of hydrogen bonds of macromolecular proteins complexes
intra- and extracellular system:
hν(H bond) = 0,9 х 10-2 ÷ 8,7 х 10-2 eV;
hν(HCN--laser) = 0,39 х 10-2 ÷ 3,9 х 10-2 eV, λ (HCN-laser) = 0,3 ÷ 0,03 mm.
We registered the effect of interaction of terahertz irradiation with microalgae by means of an
acoustic-dielectric method on frequencies of dispersion of permittivity of free water f = 10 ÷ 50
GHz at acoustic «sweep» - regime f = 1000 ÷ 3000 Hz (1, 2); thus the measuring cell with
investigated sample on the piezo-element directly on exit of 8-mm waveguide was placed. The
electromagnetic signal from the measuring line R1-39 was input to the computer for signal
processing by specialised programs, including fast Fourier transformation. On figure 1, the exit
unit of measuring-registration equipment is presented. The parameter of real part of complex
permittivity (ε′) has been used as marker of microalgae vital functions at various periods of MCC
working.

Fig. 1 The exit unit of measuring-registration equipment with piezo-element and measuring cell
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RESULTS: On figure 2, the result of the frequency analysis of measurements session of control (freshly
prepared, not irradiated MCC) and experiment samples (used, not irradiated and irradiated MCC) is
presented. The level of the electromagnetic signal, which reflects changes ε′ and hydration of microalgae in
the indicated value of frequencies on an axis of ordinates, is presented.
As you can see from figure 2, the increase of quantity of free water in system MCC-microalgae on frequencies of
modulation by acoustic waves f = 1900 ÷ 2300 Hz in used samples MCC irradiated terahertz laser is observed.

Fig. 2 The electromagnetic signal from MCC at various periods of MCC working at modulation by acoustic frequencies (yellow line (1) freshly prepared, control MCC, red line (2) - used, not irradiated, blue line (3) - used, irradiated MCC.

CONCLUSION: The received results testify to inhibition of microflora vital functions after influence terahertz laser,
and about an visible tendency to recovery of cutting emulsion properties which are typical for control
samples.
REFERENCES:
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VERTICAL DYNAMICS OF TOPICAL PRIORITIES IS
ADAPTIVE STRATEGY OF COLONIZATION OF FOREST
BIRDS IN THE ARTIFICIAL FOREST OF THE
SOUTHERN STEPPE ZONE OF UKRAINE
Lystopadsky M.A.
The F.E. Falz-Fein Biosphere Reserve “Askania Nova” of the National Academy of
Agrarian Sciences of Ukraine
e-mail: ekobirds@ukr.net
The adaptive birds’ strategy to settle the artificial forests consists in the obtaining of a new
adaptive mechanism is that seasonal change of topical priorities. Autochtonic forest species as
normative representatives which are concentrated in natural forest ecosystems belong to one of
forest layers where they live for all time (1). That phenomenon is conditioned by long-term
evolution of these birds in forest ecosystems (2,3). When settling of new azonal artificial forest
biocenoses, these species use various layers of forest for realization of different vital signs of
feeding, rest, reproduction, lees (4,5).Thus reduction of the functional impact on a concrete layer
of the stand is reached - on the one hand and allows to reduce interspecific competition - on the
other.
A typical annual dynamics cycle of forest ornithocenosis can be the following. After completion of
nesting in the crowns of trees, the majority of species shifts in the surface layers of stands from
which they come (by gradient of trophic value of lands) to the open space provided in the region
of agrocenoses studies (Figure, community A). The forest plantations do not influence on spacial
organization of the birds in autumn-winter period and cannot be a factor identified their location at
the space (6). Meanwhile, the "deserted" crowns of trees are occupied by bird-dendrophil
populations flown for the winter (community D). Thus the crowns of trees are the most habitable
layer during the most part of a year. However, their species composition and population suffer
significant changes in a time (communities A and D have no common species). Individuals
nesting there (community A), usually are represented by small entomo-phytophages are capable
to form rather dense settlements. The larger and herbivorous species of forest birds dominate
there in winter (community D).
In this aspect the representatives of the surface layers are the most conservative (community B)
which after nesting movements and flights are replenished by some representatives of the
community "A" and thus they form a "synthetic " community "C".
Thereby dendrophilous avifauna of agrocenoses (community E) is formed by species inhabited in
crowns that after nesting gravitate to fields immediately (figure, the names of these species are
underlined). Closer to winter, they are "diluted" by stenotopic dendrophils in time that
considerable time keep close to plantations after nesting (community C, the figure of their names
are in bold).
The results of the study of the serum enzymes activity under the artificial hypobiosis indicate
following changes. The ALT activity reduces in 1,9 times, the LDH activity decreases by 28,3 %
and also the CE activity reduces by 24,6 %. While, the activity of enzymes that characterize the
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Fig. Scheme of seasonal change of topical priorities of the forest birds (on case study of the Biosphere Reserve “Askania Nova”)

The seasonal change of avifauna of the artificial stands in Southern Ukrainian steppes and in particular the
Biosphere Reserve "Askania Nova" occurs under this scheme. The adaptive strategy allows to have a higher
density of nesting groups of many dendrophilous species compared with the primary habitat of these
species. This is ensured by the fact that the birds in un-reproductive period, when expanding its trophic and
topical potencies, realize them on the open spaces. Thus, it is possible to avoid a significant population
pressure which is generally higher in the periphery area.
This tactics against deficiency of environmental resources allows many alien (invasive) species to develop
new spaces and compact an area, without significant competition with each other.
So the birds settling in the modern artificial afforestation of extreme southern steppes of Ukraine produced a
new mechanism for reducing of competition.
This phenomenon visually illustrates the interaction between the different ecosystem groups. Despite the
different genesis, type of economic use, they are interconnected with material, energy and information links,
where the birds are strong inter-ecosystem agents (7-10 ), connecting these areas in one biogeocenotical
(biocenotic) system (11). According to the doctrine about biogeocenosis systems Yu.P. Byalovicha (11), the
representatives of dendrophilous ornitocenosis are the elements of most inline and semi-inline biogeocenotic
horizons. In the thick of these horizons they form radials (community "A" - "C" and "A" - "E"), "conditional",
within ornithocenosis, statsial "D", and laterals "B" - "C" and "B"-"C"-"E".
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INFLUENCE OF TILT-TEST ON A FUNCTIONAL STATE
OF WOMEN CARDIOVASCULAR SYSTEM IN THE
DIFFERENT PHASES OF MENSTRUAL CYCLE
Lutsenko O.I., Kovalenko S.O.
Bohdan Khmelnytskyy Cherkasy National Universitu
e-mail: elenadvorchuk@mail.ru
PURPOSE: The state of the women organism from menarche to menopause depends on the consecutive
changes of the hormonal status. In spite of the fact that the effect of influence of the hormonal
secretion cyclical changes on the reproductive system is well-studied, its influence on the other
systems of organs, namely on the cardiovascular system isn't investigated enough. At the same time
the diagnostics of the state of women cardiovascular system under the different physiological
conditions is the important part of the identification, prediction and correction of their health state [9].
The present data about the peculiarities of hemodynamics and cardiac rhythm variability of the healthy
women depending on the age and phase of the ovarian-menstrual cycle (OMC) are to a certain extent
insufficient and unmatched [1].
METHODS: The measurements were realized for the group of the 32 women of 17-19 years old. For
each woman the three tests were done – for the folliculin (I), ovulatory (II) and lutein (III) phases of
OMC. The investigation of cycle phases was realized by using the anamnesis, measurement of the
basal temperature and set of the stream ovulation tests "Solo" (IND Diagnostic, Inc., Canada).
Systolic (SAP) and diastolic (DAP) arterial pressure had been measured. Also systolic volume of
blood (SVB) by the signals of differentiated impedance rheogram, average arterial pressure (APa),
cardiac index (CI) power of ossilation spectrum –R in standard frequency ranges 0-0,04 Hz (VLF),
0,04-0,15 Hz (LF), 0,15-0,4 Hz (HF), 0-0,4 Hz (TP) and normalized power in the range 0,15-0,4 Гц
(HFnorm) had been estimated. Also the spectral density (aLF) and frequency (tLF) of the maximum
amplitude peak in range 0,04-0,15 Hz were estimated. In order to the investigation of the wave
structure peculiarities the median spectrogram in this range were drawn (with the step 0,01 Hz) [4].
RESULTS: It was established that in the rest there is no significant difference between the parameters of
the central hemodynamics depending on the OMC phase. On the other hand for the levels of SAP,
and APa, GPR the distinctions were observed. The higher values of its parameters were obtained for
phase III (p<0,05) in comparison with phases I and II. In the transition to a vertical position under all
conditions the decreasing of the (р<0,001) т-R-R, СІ, SVB and increasing of GPR are observed.
The responsiveness of the arterial pressure factors depended on OMC phase. So, in the phases I and
II the increasing of the SAP, DAP, APa was observed, but in the phase III the changes was statistically
insignificant. According to this fact the differences between the levels of SAP and APa for different
OMC phases in the lying position can be neglected; at the same time the differences of т-R-R
between phase III and phases I and II were observed (676±17 ms, 641±16 ms та 634±11 ms,
р<0,05,respectively). Therefore the most significant changes of the central hemodynamics in rest in
the lying position had been obtained in lutein phase of OMC. Such changes vanished in the vertical
position.
During the analysis of the wave structure parameters of the cardiac rhythm in rest in the lying position
it was obtained that there is no significant difference between its levels in the different phases of OMC.
The higher values of HFnorm in the phase ІІІ of OMC in comparison with phase II
(65,4 [54,8; 75,0] % and 55,4 [42,6; 68,9]% respectively) and lower aLF (11533 [5449; 23958]
ms2·Hz-1 and 17224 [9769; 26508] ms2·Hz-1, respectively) were exceptions. It can be explained by f
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higher level oactivation of the parasympathetic branch of vegetative nervous system (VNS) in the folliculin
and lutein phases.
According to the Parati G. et аl [8], La Rovere M.T. et al [6], Milic M. et al [7], the methods of the investigation
of the baroreflex sensitivity can be related to the methods of the estimation of the heart activity neurogenic
control. Among the great number of techniques the estimation of the spontaneous baroreflex function is the
most acceptable. It doesn't need an external nonspecific stimulus, doesn't change a natural human state and
can be used in the no clinical conditions. There are a few techniques of the spontaneous baroreflex function
which are very important to the search of the connection between the oscillations of heart rate and AT [10].
It can be noted that the maximum deviation of the responsiveness is the typical for the parameters which
characterize the range of the R-R oscillations from 0,04 to 0,15 Hz. According to such data the detail
analysis of the distribution of the cardiac rhythm waves by using the normalized median spectrogram had been
realized (Fig).
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Fig. Normalized median spectrogram of the power of the R-R intervals length oscillations in the range of low frequencies of women
cardiac rhythm in the different phases of biological cycle.

It was shown that the character of the spectral power distribution in the different phases of OMC has
significant distinctions. In the rest in phase I the unique peak for the frequency 0,1 Hz was observed. At the
same time in phases II and III two peaks which can have different origins [4] had been observed. Besides in
the phase III the maximum corresponds to the frequency 0,08 Hz. Such frequency in full measure defines the
functioning of the baroreflex [5].
CONCLUSION: The presence of two peaks can be evidence of two types of influence on the cardiac rhythm
spectrogram. There are two theories of the wave formation in the range of low frequency. The first theory
bases on the influence of functioning of the baroreflex mechanism of the arterial pressure regulation [9].
Other one takes into account the influence of the endogenous rhythm generator [5]. Corbe et al. [2]
estimated the oscillation spectrum of the arterial pressure and R-R-intervals in patients with an implanted
artificial left ventricle. After implantations (1 and 15 months) in the spectra of arterial pressure slow waves
were absent and slow oscillation in the spectra of own heart RR-intervals "became apparent and dominant".
Probably endogenous oscillator can capture the rhythm of the waves caused by the activity of baroreflex
mechanism. Such behaviour is a manifestation of the fundamental natural phenomenon of synchronization
and in this case, the frequencies of baroreflex and oscillator are same or slightly different. Such adaptive
changes have compensatory character and quite probably contribute to less pressure increasing during tilttest.
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EVOLUTIONARY SPECIFICITY IN CONTAMINATIONINDUCED ANIMAL RESPONSES BY THE
INTRACELLULAR PROTEOLYSIS-REGULATED
PROCESSES
Lysenko L.A., Kantserova N.P., Nemova N.N.
Institute of Biology, Karelian Research Centre of Russian Academy of Sciences,
Petrozavodsk, Russia.
e-mail: l-lysenko@yandex.ru
Intracellular proteolytic machinery includes proteases of different catalytic types, substrate specificity
and subcellular localization. Proteolysis regulates protein functions from the proteolytic processing of
nascent polypeptide chains that accompanies protein synthesis to the extensive proteolysis that
results in degradation of proteins to amino acids. Moreover, it has become evident that cellular
proteolysis is a complex, highly controlled process that takes place in all cellular compartments.
Catabolic proteinases – cathepsins, ATP-dependent proteases (proteasomes) – have a role in the
removal of abnormal, damaged, or normal but excessive polypeptides from cells. They control the
concentrations of potent polypeptides and enzymes in cells, have nutritive functions in the creation of
amino acids from proteins, and permit the constant renewal of cellular contents. This extensive
proteolysis allows flexibility in terms of the type and quantity of proteins that constitute cells, and thus
enables cells to adapt to various needs imposed by diet, hormones, and other environmental factors.
By the regulatory perspective, proteases function to (1) create biologically active molecules, (2)
eliminate biologically active proteins and peptides or (3) participate cellular signaling. The first group
includes signal and processing enzymes as well as zymogen-activating enzymes, the second group
would include, for example, lysosomal cathepsins and proteasomes that are involved in destroying of
active molecules to extensive hydrolysis, while the third group includes highly regulated proteases that
trigger cellular processes, such as caspases and calpains. The main protease functions do not
necessarily implicate, however, the multitude of processes in which cellular proteases participate –
from protein synthesis to cellular death.
Сalcium-dependent proteases (calpains) and their endogenous specific inhibitor (calpastatin), work in
any eukaryotic cell as a calcium-dependent proteolytic system. The role of the system is selective
protein degradation in the cytosolic compartment, required for the regulation of various cellular
processes such as signal transduction, cell cycle, proliferation and differentiation of cells, different
types of cell death, etc. Through the reactions of limited proteolysis of biologically active
macromolecules calpains participate in the development of biochemical adaptation to environmental
impact in living organisms. The parameters of calpain system are regarded as biomarkers responsible
on the one hand for structure integrity of the tissues and cells and from the other hand for direct
interaction of pollutants and cell macromolecules. Anthropogenic impact on the environment led to
increased variability and quantity of pollutants. Crude oil and oil products are the pollutants of most
concern to coastal environments.
Intracellular proteases (lysosomal cathepsins, calcium-dependent calpains and proteasomes) were
studied in a wide range of water and coastal organisms – from primitive invertebrates such as
annelids to vertebrates, such as birds. Studied animals could be also subdivided on (i) poikilothermic
and homoiothermic groups on the basis of physiology, (ii) by the type of feeding on hard-bottom filterfeeding, deposit/suspension-feeding, etc., (iii) by the trophic level on planktivorous, herbivorous,
predatory, etc. Studied objects were exposed to the environmental pollution of different nature
including physical, chemical, organic or inorganic both in the native environment and in the
experimental conditions.
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On the basis of the previously revealed species-specific differences in: (1) sensitivity, (2) biotransformation
capacity and (3) the level of accumulated xenobiotics, marine bivalves (M. edulis, M. modiolus etc.) are
considered to be the most useful objects to study response reactions at different types of contamination.
Firstly bivalves are characterized by big size, abundance, sedentary life style, and availability throughout the
year and secondly they accumulate various xenobiotics up to high levels and in untransformed state due to
filtration type of feeding. Being at initial levels of sea food chain bivalves are exposed to water pollutants from
primary producers and consumers and on their own turn pass through the accumulated cargo to further
chain levels such as predator fish, birds, and mammalian. It appears that the former retain maximal levels of
pollutants in their body.
Thereby, contaminants influence intracellular processes and cell components, low concentrations of oil
products can lead to developing of non-specific response compensatory reaction, while excessive pollutant
load results in tissue pathology development. The response reactions observed in water animals vary in
specificity and ranged from adaptive to destructive depending on the total contaminant level and the nature
of predominant pollutant. The ecological relevance of studied parameters as biomarkers was confirmed by
their ability to indicate both expose to pollutants and adverse effects at the organism level.
Despite the intra- and interspecies variability of the tissue protease activity and molecular forms in
invertebrates and vertebrates, our results confirm common contribution of the proteases in the physiological
adaptations of species inhabiting polluted areas as the requirements of cells in protein and organelle quality
control enhance at anthropogenic impact. Marked gradients observed in cathepsin and calpain activity in the
studied organisms from polluted areas may provide some advantages in the issue of water ecosystems
biomonitoring programs even though only moderately polluted sites were studied. The gradient was clearly
indicated in the suspension-feeding Mytilus edulis (Bivalvia), while the sediment-dwelling Gammarus duebeni
(Arthropoda) showed a more ambiguous biomarker response. Amphipods occur to be more susceptible to
oil-contamination while M. edulis responses are definite at heavy metal accumulation. Invertebrate species
with markedly differing feeding modes, living habitats and, therefore, routes of exposure to environmental
pollutants is considered a rational strategy for assessing the pollution status of coastal sea areas.
In summary, our findings indicate that cellular changes, such as reduced lysosomal membrane stability and
calcium-dependent protease hyperactivation, are good indicators of cell injury; and in a situation where
exposure to environmental stressors is likely to be sustained, they can be used to predict that further
pathological changes will occur. The regulation of proteases responsible for different pathways of cell death
and survival may reflect an adaptive behavior to protein damage-inducing environmental contaminants,
representing an important early indicator of stress response Thus, indicated parameters are general nonspecific biomarkers of stress induced by a wide range of environmental contaminants and their mixtures
capable to enhance protein and organelle damage such as heavy metals, organic xenobiotics, and oil
products.
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THE PECULIARITIES OF CARDIO-VASCULAR SYSTEM
REACTIONS TO ANTI-ORTHOSTASIS
(HEAD-DOWN-TILT) OF THE INDIVIDUALS WITH
DIFFERENT HAEMODYNAMICS TYPES
Lyzogub V.S., Koval Y.V., Khomenko S.M., Yukhymenko L.I.
M.Bosyi Physiology Research Institute of Cherkasy B.Khmelnytsky National University,
Cherkasy, Ukraine
e-mail: v_lizogub@ukr.net
PURPOSE: Among the environment factors to be adapted constantly, there may be not only cold,
heat, radiation, physical and emotional loading, but also the forces of gravity. The research of
gravity effect on the human organism has been held with the space exploration and industrial
occupation the movements of which are performed under conditions of gravitation discomfort.
Under these conditions the labour activity is accompanied with different changes of body position
in space as well as unequal action of gravity direction affecting the condition of cardio-vascular
system. There is a need to model the gravitation loading with the change of body position in
space, particularly, anti-orthostatic position; and to investigate the adapting responses of blood
circulation system and the mechanisms of its regulation. Known division of Individual division on
haemodynamics types: hypo-, eu- and hyperkinetic; and vegetative regulation types: sympatho-,
normo- and vagotonic, may have certain adjustments to adapting responses of cardio-vascular
system to anti-orthostasis [3, 4]. Therefore, there is a need to investigate the correlation of
haemodynamic types and the mechanism features of blood circulation regulation under the
conditions of anti-orthostasis (head-down-tilt).
The goal of the work is to investigate the features of adapting responses of blood circulation
system and the mechanisms of heart rate regulation in individuals belonging to different types of
haemodynamics in anti-orthostatic body position.
METHODS: The indexes of central haemodynamics (CH), heart rate variability (HRV) and the wave
structure of heart rate (WSHR) are investigated in 54 men aged 18-22 in prone position and antiorthostatic body position 300 upside down. The method of spectral rheography (ReoComMediс
ХАІ) is applied to study CH. The indexes of CH: (heartbeat - HB, stroke volume - SV, volume of
the heart per minute – VHM and systemic vascular resistance - SVR) are calculated; arterial
pressure is measured. In addition, the indexes standardized with body square: (cardiac index - CI
and stroke index - SI and specific vascular resistance - SVR) are determined to decrease the
effect of differences in the body weight of the investigated persons on CH. The groups are
distributed into haemodynamics groups according to the index of CI [3, 4]. Three groups are
distinguished: 13 persons with relatively low CI (less than 2.08 l/min·m2) – hypokinetic, 27
persons with middle CI (from 2.09 to 3.24 l/min·m2) – eukinetic, and 14 persons with high CI (over
3.24 l/min·m2) – hyperkinetic. HRV and WSHR are investigated by means of
cardiointervaloghaphy. AMo, SDNN, vegetative index (VI) are determined; three main
components are distinguished in spectrum: 0.15-0.40 Hz (HF), 0.04-0.15 Hz (LF), 0-0.04 Hz
(VLF) [1, 2]. CH, HRV and WSHR are registered in prone position and anti-orthostatic position for
10 minutes which is achieved by means of rotary table. Difference reliability is determined
according to the non-parameter criterion of Kolmogorov-Smirnov.

26

RESULTS: Hyperkinetic persons have reliably higher indexes of SI and CI and lower ones of SVR than
hypokinetic individuals. The comparison of anthropometric indexes of hypo- and hyperkinetic persons
(height, weight, body square and body mass index - BMI) finds no reliable differences. Thus, the differences
according to CH indexes between hypo- and hyperkinetic persons are not the result of morpho-functional
features. We suppose such differences to be stipulated by the features of regulatory system. However, the
differences according to the indexes of HRV and WSHR between hypo- and hyperkinetic groups in prone
position are not found either. We consider that haemodynamic homeostasis does not need any strict control
of the regulatory mechanisms of autonomous nervous system at rest.
The indexes of CH: CI, SI, SV, VHM, cardiac stroke volume (CSV) of all investigated persons increase, the
indexes of SVR and SVR decrease, the index of middle AT change a little in head-down-tiltу position. The
indexes of HRV and WSHR change: SDNN, ТР, HF, LF і VLF reliably decrease, and АМО, ІН, LF/HF
indexes increase. Reliable differences of most indexes of CH, HRV and WSHR are found in groups relating
to hypo- and hyperkinetic types. In head-down position the persons with hyperkinetic type of haemodynamics
are characterized with lower index of VHM, SV, CI and SI than the persons with hypokinetic type. Lower
indexes of CH in hyperkinetic type in anti-orthostasis are found to coincide with reliably lower indexes of
АМО, ІН and higher spectrum capacity at frequencies of LF and VLF than analogical values in hypokinetic
group. In the group of hypokinetic type of blood circulation, the higher indexes of VHM, SV, CI and SI
coincide with reliably high capacity of HF, LF and VLF waves that may be a result of the high activation level
of baro-reflex and humoral-metabolic regulation mechanisms.
CONCLUSION: Thus, the persons with hypokinetic type of blood circulation achieve optimal haemodynamics
level in anti-orthostasis position, if compared with hyperkinetic type, at the expense of inotropic heart function
and higher activation of vagosympathetic and humoral-metabolic regulation mechanisms.
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THE SUCCESS OF THE MENTAL ROTATION OF
GEOMETRIC OBJECTS ARISING FROM IQ IN WOMEN
AND MEN
Makarchuk M.Y., Fedorchuk S.V. Chikina L.V., Trushina V.A.
Kyiv National Taras Shevchenko University, NSC "Institute of Biology", Institute of
Physiology named after academician Peter Bogach, Kyiv, Ukraine
e-mail: Fedorchuks@yahoo.сом
Mental rotation - an example of "analog" cognitive process that is similar to the external physical
rotation: the rotation as real objects, mental rotation has all the intermediate stages of object
orientation, rotating. It is known that women perform different spatial tasks is context dependent:
they achieve the best results with the mental rotation of images of human faces than abstract
three-dimensional shapes. Men usually do not change the rotation strategy of thinking different in
character objects. Men used holistic approach to mental rotation figures of various kinds.
Women's strategy in three-dimensional rotations of geometric figures are more energy intensive
and involves a partial comparison component shapes using inner speech and conscious
recollection of the figure. Traditionally, spatial thinking processes associated with the work of the
right hemisphere, especially the parietal branches. According to the results of neuropsychological
studies right parietal region is involved in the integration of spatial relationships of components of
the whole, and the left - in remembering the spatial correlation of elements. In addition, there are
certain features of the functioning of specialization of the right hemisphere in men and women. It
is believed that the brains of men more asymmetrical than the female. In women, language
functions are localized in both hemispheres. This leads to even use them at runtime nonverbal
tasks predominantly verbal-analytic strategy.
The aim of the study was to address the real issue - whether there is a correlation between the
success of the imaginary rotation and level of intelligence in men and women. The study
examined how 65 students participated in the psychological and biological faculties of both sexes
aged 16-29 years. Statistical analysis of the data was performed using the methods of
nonparametric statistics. Psychophysiological tests were performed using the computer express
methods: 1) tasks the apparent rotation of simple and complex objects using short-term memory
functions, which were divided into three test (method Chaychenko GM ); 2) determining IQ test by
Eysenck and level of openness by Spielberger test. In the first test (apparent rotation of simple
objects) patients in turn offered a group of images of numbers and letters that were presented at
certain angles. In the second test (apparent rotation of complex objects) patients were offered a
group of images of geometric shapes. Summary Task III test - imaginary rotation of complex
objects using short-term memory and the angular disparity between the figures.
The results of the studies surveyed between men and women is not found significant differences
in the level of intelligence and level of openness. However surveyed differed in progress tasks for
mental rotation. Thus, the performance of the second and third test of mental rotation of
geometric figures allow women more mistakes than men. The results obtained partly confirmed
the literature data on high performance exercise on mental rotation in men if you count the
number of errors the main indicator of success rotation figures. However, during the study
surveyed guided guidance on speed and accuracy, to some extent hampered the test conditions.
The selected group of men and women did not differ in the time of execution of rotational
exercises. In women, the success of mental rotation of simple and complex objects (more errors
than the apparent rotation time) was related to the level of intelligence.
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The nature of these relationships - the inverse, ie at a higher level of intelligence women allowed fewer errors
and faster to perform the task. Women communication accuracy tasks on mental rotation figures of the
intellectual level was marked, regardless of the complexity of these problems. Imaginary time rotation of the
surveyed women was associated with a level of intelligence only when using the angular discrepancy
between the figures and memory figures, a reference in the third test. In men, the success of the tasks on the
mental rotation regardless of their complexity was not related to the level of intelligence.
Analysis of the results showed that the level of openness in the performance test Spielberger related to the
level of intelligence (r = -0,30, p <0.01). The success of the imaginary rotation when performing the third test
in women (accuracy and speed) was higher at higher levels of openness. In men, the nature of the
relationship between the success rate of rotation and the level of openness was different directions: the
highest level of openness meet fewer errors when performing the third test, but more time rotation numbers
and letters in the first test.

29

Adaptation Strategies of the Living Systems 2014

PHYSIOLOGICAL ROLE OF ANTIOXIDANT PROCESSES
IN PROVIDING WINTER WHEAT DROUGHTRESISTANCE. PROTECTIVE ROLE OF SALICYLIC ACID
Mamenko T.P.
Institute of Plant Physiology and Genetics, National Academy of Science of Ukraine,
Kyiv, Ukraine
e-mail: t_mamenko@ukr.net
PURPOSE: Drought is one of the most common stressors that leads to disruption of the normal
functioning of the plant organism. In turn, the adaptation of plants involves the mobilization and
the formation of the protective reactions under stress (1, 2). Salicylic acid - is one of the key
regulators of plant defense reactions by the action of stress factors biotic and abiotic nature. It
can act as a primary signal and binding to receptor proteins plasmalemma include relevant
signaling that leads to the synthesis of protective compounds and formation of plant resistance to
adverse environmental conditions (3, 4).
The aim of our study was to examine the effect of prolonged drought on the intensity of
physiological and biochemical processes in winter wheat and determine protective role of salicylic
acid in plant adaptation.
RESULTS: Investigated the intensity of oxidative processes, the activity of antioxidant enzymes and
low-molecular antioxidants pool and also the emission of ethylene in contrasting droughtresistance winter wheat. Shown that plant drought-resistant varieties of winter wheat under water
deficit can raise the level of antioxidative processes to optimal. This contributes to the
stabilization of water status and plays an important role in increase adaptation and decrease to
loss of grain yield.
It was found that winter wheat cultivars are characterized by the nature and time interval of
changes of antioxidative enzymes. Moreover comparison with drought-resisting winter wheat
cultivars differ of rate reactions to change of low molecular antioxidant contents (ascorbate,
glutathione and carotenoids) in leaves under drought conditions. It was concluded that the
activity of antioxidant enzymes, pool size of low molecular antioxidants are genetically determined
dependending on drought resistance of cultivars and play a protective role in providing the
resistance of winter wheat plants to water deficiency in soil.
It was determined that adaptation of drought-resisting winter wheat cultivar to action of water
deficit accompanied by increase of water-detention and water-reduction cells capacity, which
promotes to reduction of water loss and conservation of cell membrane integrity in plant leaves.
Established that prolonged drought induced the increase of hydrogen peroxide and
malondialdehyde contents in leaves and also rise of electrolytes exoosmose out winter wheat
leaves, especially in unsteady drought-resisting cultivar. It was excite of oxidative processes
activation and increase of plasmalemma permeability.
It was shown that durative soil drought has decreased of phenylalanine ammonia-lyase activity,
increased of peroxidase activity and permeability of cellular membrane for electrolytes in the
leaves of winter wheat of different ecotypes.
The influence of prolonged drought on the ethylene emission intensity of contrasting by droughtresisting winter wheat cultivars under conditions of different water supply and treatment by
salicylic acid has been investigated. It was established that more considerable emission of
ethylene occurred in the drought-resisting winter wheat cultivars in comparison with unstable
cultivars both in early stage (three leaves) and critical ontogenesis stage for water deficit (form
ears – flowering).
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It was concluded that intensity of lipoperoxidation processes, activity of antioxidative enzymes and excretion
of ethylene depends on degree of cultivar drought-resisting and playes the important part in forming of winter
wheat adaptive potential in conditions of insufficient water-supply.
Investigated that the treatment of winter wheat with by salicylic acid has promoted to decrease of loss of
water content, conservation of water-detention and water-reduction ability of cells in winter wheat leaves
under drought. Moreover changes of antioxidant enzymes activities have occurred: the increase of guaiacolperoxidase and catalase activities and approaching of superoxide dismutase and ascorbate-peroxidase
activities to the control values in plants’ leaves under the prolonged drought conditions. The results obtained
had proved the effect of salicylic acid on the adaptive changes of antioxidant enzymatic activities in plants
leaves which had promoted winter wheat cultivars resistance to water deficit.
The treatment of winter wheat with salicylic acid had induced the approaching of low molecular antioxidant
pools to the control values that promoted to conservation of water contents and stabilization of cells
homeostasis in winter wheat cultivars under drought conditions.
Salicylic acid promoted to decrease of water loss and reduction of ethylene synthesis in winter wheat
cultivars under optimal and deficient water supply conditions. Moreover salicylic acid had induced the
increase of protective enzymatic activity - phenylalanine ammonia-lyase and, especially, peroxidase that was
accompanied by stabilization of cellular membrane integrity in winter wheat leaves under water deficit.
Physiologically grounded feasibility of using salicylic acid to improve drought resistance winter wheat in low
humidity. In the vegetation and field experiments evaluated the biological efficiency of treatment the growing
plants salicylic acid to enhance the adaptive capacity of plants in the implementation of potential productivity
under conditions of drought. It has been shown that treatment of winter wheat in salicylic acid sensitive to
lack of water phase ontogeny (heading - flowering) induces antioxidant processes in the course of winter
wheat varieties that improve adaptation and reduce grain yield losses under drought conditions . Investigated
that by action of salicylic acid, a decrease in intensity of lipid peroxidation, stabilizing the activity of
antioxidant enzymes and low molecular weight antioxidant pool in leaves, resulting in the optimization of
water status, maintaining the integrity of cell membranes and the maintenance of normal homeostasis of
cells in winter wheat in drought conditions.
CONCLUSION:Therefore the drought induced increase in the intensity of oxidative processes, disruption of water
balance and integrity of cell membranes, stimulated ethylene selection in winter wheat. It was raised
antioxidant enzymes activity and content of low molecular antioxidants. Salicylic acid led to the development
of stress-protective reactions of plants, that contributed to increasing adaptation of winter wheat to drought.
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FORMATION, TRANSFORMATION AND
ELIMINATION OF LIPOFUSCIN GRANULES AT
CEREBROSPINAL FLUID SYSTEM UNDER COLD
ACCLIMATION AND HIBERNATION
Marchenko V.S., Marchenko L.N., Lutsenko DG.,. Kovalenko I.F.
Institute for Problems of Cryobiology and Cryomedicine NAS of Ukraine, Kharkiv, Ukraine
e-mail: marchik@list.ru
PURPOSE: Accumulation of lipofuscin (LF) granules (the end product of lipid peroxidation) in cells is
increasingly positioned as a response to a breach of the energy processes [3]. Carotenoids and
myoglobin in these granules carry out functions of intracellular O2 store and LF granules in the
presence of respiratory enzymes are capable to produce of energy in hypoxic conditions.
Accumulation of LF can be regarded as an adaptation of the cells to decrease of the rate of oxygen
supply into the tissues. However, the growth of amount of the pigment can be considered as a
manifestation of irreversible pathology of the cell membrane [3]. So the adaptogenic role of LF can be
realized only if there is an effective cleaning system. In the brain this function realized the
cerebrospinal fluid (CSF) [1] (or glymphatic [5]) system, the effectiveness of which increases in NREM
sleep [5]. It was shown that the constant and rhythmic cold exposure modified the depth and duration
of sleep [2]. We hypothesized that under hibernation is also possible activation of CSF-system
functions, in particular its arachnoid (aglymphatic) link. This determined the topic of our study.
METHODS: Forced acclimation (FA) of golden hamsters and white rats was carried out by blowing with
cold air (10 0C) (6 exposures per minute) for 15 minutes at the beginning of each from 9 of daylight
hours for 1-3 months. After that the animals were placed into a refrigerator (5 0C) for testing. The rats
shown of increase of resistance to cold and hamsters within 1-2 days fell into the hibernation. We
morphometried the elektronograms and images from confocal brain biomicroscopy and calculated the
fractal dimension D, as tangent of slope of linear approximation of logarithmic dependence of surface
areas of image brightness difference versus dimension of the square, which limits the surface.
RESULTS: It was shown that from the first days of FA numerous microvilli (V) formed in the brain
capillaries (C), transcytosis was initiated, general functional endotheliocyte architectonics changed by
D-criterion. In ultrastructural endotheliocyte compartments areas with different dimensions (D ~ 1,3
and ~ 1.7) was formed. We supposed that such areas or "fractal pores" might contribute for increasing
of the blood-brain barrier permeability for the adaptogenic substances including hormones of
hibernation. At the completion of FA and after first bouts of hibernation the ultrastructural
transformations resulted to the appearance of myelin figures (F) in the endoplasmic and mitochondrial
reticulum. They led to the formation of LF granules and disappearance of transcytosis vesicles
ultimately (Fig. 1). Fractal analysis of the videos from biomicroscopy (Fig. 2a, b) showed an increase
in mobility of pericapillary and arachnoendotelial macrophages (M) at the all stages of the FA and
hibernation (fields with D ~ 1,6 marked by red). Under these conditions luminescent analysis in vivo
showed a massive accumulation of LF in arachnoendotelium. The color of autoluminescence of
arachnoendotelium changed from green to bright yellow and red-brown (Fig.2c). In luminescence
spectra of the arachnoid mater except the emission bands of pyridine recovered (480 nm) and
oxidized flavoprotein (520 nm) the emission bands at frequencies of 560 nm and 625 nm appeared,
which corresponds with carotenoids (560-565 nm) and porphyrins (625nm) [4]. So LF of arachnoid
mater prevent hypoxia of chilled brain under hibernation.
It was shown that in the control animals CSF was flowed in the channels spiral bending around
microvessels, that was confirmed by D-analysis (Fig. 2d, red field D ~ 1,6). Periodically CSF was
released in arachnoid honeycomb cell system (AHS) where it run with rate about 1-3 mcm/sec along
the honeycomb cell facets in a circle (Fig. 2e, f). AHS structurally and functionally closely related
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Fig. 2. Confocal microscopy of rat brain arachnoid mater fragments in vivo

to the system of microcirculation. Capillaries located at the nodes and facets of AHS might controled the flow of
CSF (Fig. 2 b, d) by means of gate (G) and valve (V) mechanisms for opening of the pores at the
arachnoendotelium. AHS microvessels might be propulsive agents for peristaltic pumping CSF by piston (P) or
corkscrew (S) manner of circulation. Under FA and hibernation the activity of these mechanisms was reduced and
CSF flow rate slowed down by 1.5-2 times. Conglomerates of particles from the CSF formed the gauzelike
structures along the facets (Fig. 2g) with dimension D~1,3 as at polymer formations. The corpora psammosa (CP)
[1] with D~1,8 as at percolation-like clusters formed in the center of the honeycomb cells that indicated to a
possible mechanism for the concentration and purification of the CSF. CSF flow almost stopped and we observed
only twitching and cleaning of arachnoid "gauze" by specialized macrophages. The corpora psammosa and
sections of AHS fell out after FA and during exit from the state of hibernation (Fig. 2h, i). That led to increase of
the CSF flow rate to 6-8 mcm/sec. Change of rate and ways of CSF flowing during of hibernation bouts as well as
during wakefulness and sleep [5], can reflect differences in the volume of space availabled for its flowing. The
additional injection of gamma-aminobutyric acid to control rats also slightly increases the CSF flow and the free
volume of the subarachnoid space.
CONCLUSIONS: Thus, under hibernation when activity of brain microcirculation reduced the function of O2 delivery
might compensate the LF granules of aglymphatic link of CSF system.
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THE ASSESSMENT OF THE ARTIFICIAL HYPOBIOSIS
STATE IN ANIMALS BY THE BLOOD SERUM
BIOCHEMICAL PARAMETERS
Melnytchuk1 S.D., Khyzhnyak1 S.V., Morozova1 V.S., Sysoliatin1 S.V.,
Babych2 L.I., Voitsitsky1 V.М.
1 National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
2 Clinical Hospital "Feofaniya" of Ukrainian State Administration, Kyiv, Ukraine
e-mail: biohimik@ukr.net
PURPOSE: The determining factor for the developing of the artificial hypobiosis state in animals is a
combination of hypoxic and hypercapnic gas environments with a decrease in body temperature.
The influence of these factors causes diverse reorganizations in organs and tissues, leading to
activation of the adaptive capacity of the organism. Herewith at these conditions the organism
resistance to various external influences of physical and chemical factors increases. The methods
of the hypobiosis modeling opened up perspectives for its use in medicine and veterinary
medicine, including treatment of different pathological states and diseases (1). It is possible to
control the artificial hypobiosis state by the research of the blood serum biochemical parameters
in animals that is the goal of this work.
METHODS: The modeling of the hypobiosis state in rats was performed by the method of "closed
vessel" under the next conditions: volume of the hypometabolic camera –3 liters, temperature –
3–5 C , time that animals were in these conditions – 3–3,5 hours, the oxygen level in the
hypometabolic camera – 4%, CO2 – 18 %, rectal body temperature – 16 ˚ C, heart rate – 75 beats
per minute. The animals were decapitated in the state of the artificial hypobiosis (at rectal body
temperature of 16 ° C) and in 2 and 24 hours after the cessation of the influence of the artificial
hypobiosis factors (at rectal body temperature 37 ° C like in the control). Works are carried out in
accordance with the ethical principles of the World Medical Association Declaration of Helsinki
(2008).
The next biochemical parameters were determined in the blood serum: the content of total
protein, glucose, urea, uric acid, creatinine, bilirubin, lipids and lipoproteins, and the activity of
amylase, alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl
transpeptidase (GGT), lactate dehydrogenase (LDH), creatine kinase (CK), acid phosphatase
(AC), cholinesterase (CE), alkaline phosphatase (ALP) on the spectrophotometric analyzer «BS3000 P» by the company «Sinnova» (China).
RESULTS: By the result of the research of the metabolites and macronutrients content in serum
under the artificial hypobiosis the rise of the glucose (in 2 times), urea (by 22,9 %) level and the
decrease of the uric acid content (by 38,5 %) were found. Also, the redistribution of the
lipoproteins content was determined. The increase of the glucose level can be connected with a
general decrease in the metabolic processes intensity and reduction of glucose spending. Urea
can act as anti-freeze, because previously it has been found that the urea injection to animals
contributes to a significant increase of the percentage of them survival after cooling (2). The
observed increase in the content of inorganic phosphorus in the blood coincides with data from
previous studies (3) and with a revealed decrease in the ATP synthesis under the artificial
hypobiosis (4).
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The results of the study of the serum enzymes activity under the artificial hypobiosis indicate following
changes. The ALT activity reduces in 1,9 times, the LDH activity decreases by 28,3 % and also the CE
activity reduces by 24,6 %. While, the activity of enzymes that characterize the structural and functional state
of the hepatocytes (AST, GGT and ALP) doesn’t significantly change. The reduced LDH activity is consistent
with the elevated glucose level and can be explained by the inhibition of glycolytic processes. Besides it, the
increase of the CK activity was found. The value of the last parameter is also higher after the artificial
hypobiosis as compared to the control that can be connected with the thermogenesis under these conditions.
The revealed changes partly restored in 2 hours achieve control values in 24 hours after the cessation of the
influence of the artificial hypobiosis factors.
CONCLUSION: The obtained results indicate the adaptive character of the organism reaction in response to
artificial hypobiosis factors influence. The peculiarities of the reaction-response of animal organism to the
conditions of the artificially created hypobiosis were revealed by the blood serum biochemical parameters
that could be used for practical purposes.
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THE APPLIED ASPECTS OF THEORY OF BIOLOGICAL
ADAPTATION
Mikhyeyev A., Ovsiannikova L.
Institute of cell biology and genetic engineering of NAN of Ukraine, Kyiv, Ukraine
e-mail: mikhalex7@yahoo.com
The folded ecological situation sets before fundamental sciences the problem of defence of
biological objects from a direct or mediated action of extremely high levels of natural and
anthropogenic factors. For biology it resulted in forming of new large research direction which can
be named stress-biology or extreme biology. By an example such the disciplines there are a
stress-physiology plants and animals, toxicology and, perhaps, practically all radiobiology.
Thus at the similar type of sciences have not only the task of study (descriptions, findings out of
mechanism) of action of various stress agents on the biological systems, but, mainly task of
search of practical facilities of management their stability.
For example, our analysis of radiobiology literature for the purpose to set of the frequency
distributing of works on certain research directions showed that near third of all publications
devoted to the study of various aspects of modification of effects of ionizing radiation with the
purpose of both search of facilities of therapy of radiodefeats and development of facilities of their
prophylaxis. Below is presented Classification of methods of modification of influence of some
factor (see table).
Classification of types of modification of the state of biological objects
MODIFICATION
Pre-factor
Post-factor
Sensitization
Protection (tempering,
Sensitization («reverse
Protection (therapy,
(hypoadaptation)
prophylaxis,
hypoadaptation»)
«reverse hyperadaptation»)
hyperadaptation, training,
transfer in the state
hyperbiose)

It is necessary to the presented classification to add mention that modification can be carried out
by the factor of any nature, in action of which can prevail or combine influence of one of his
constituents, - power, substrata or informative.
Unfortunately, until now is not accepted single classification of modifying influences, by a result
what is original «chemical radioprotectionism», shutting out existence of other types of protection
of both pre-factor and post-factor action. So, «radioadaptive answer» (classified by us as
hyperradioadaptation) known in a radiobiology, can be example of pre-factor protection in which
the operating (protecting) beginning is a power constituent of factor of ionizing radiation (certainly,
in a certain dose).
In accordance with the presented classification of types of modification the «radioadaptive
answer» (RAA) it is necessary to attribute to pre-radiation protection, i.e. to such pre-radiation
affecting of biological object, which through a certain of time interval transfer him in the state of
enhanceable level stability as compared to an initial level stability.
The offered classifications have a large heuristic value, by illustration which may be some applied
aspects of general theory of adaptation (more precisely, theory of stimulation of ontogenetic
adaptation – TSOA). At first, for what and who can they be useful the results of development of
TSOA?
Here, foremost:
- development of effective methods of pre-radiation modification with the purpose of both
sensitizations of the exposed to rays object (for example, tasks of pre-radiation sensitization
of tumour tissues in oncology) and declines of level of sensitiveness (tasks of pre-radiation
protection - «radioprotection» in the traditional sense of this concept);
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- development of facilities of post-radiation modification (accordingly post-radiation sensitization and
protection); so, going back to the radiotherapy of tumours that was mentioned above, it is possible to
suppose possibility of the use accordingly post-radiation sensitization (for tumour cells) and protection (for
normal cells) post-radiation influences, for example, by the additional irradiation of normal cells in a postradiation period (effect of «reverse adaptation»).
Secondly, TSOA is needed in all those cases, when the question is, foremost, about extreme situations,
inevitably «catching» the proper biological objects early or late. Thus there can be a few types of tasks,
related to the increase of stability of biological objects to the action of stressors:
1. The estimation of values of parameters of biological object in the «changed state» or determination of fact
of hit of object in this state.
2. Prophylactic measures, i.e. tempering, training, adaptation (hyperadaptation).
3. Therapeutic influences (post-factor protection, «reverse adaptation»).
Thus, the decision of practical tasks of protection is taken to monitoring of current status of the system in the
conditions of the real or supposed action of stressors («exciter») and to the search of stimulant (more
precisely, hormesis) doses of the applied factors.
It is need to say a few words are about hormesis potential. If to examine all arsenal of the biological
engineering (gene, cellular, tissue, organ, population engineering), then practical application of theory of
ontogenetic adaptation (TSOA) is, in fact, also bioengineering method, i.e. one of methods of the
physiological engineering (methods of direct and reverse adaptation).
We will consider directions of possible application of positions TSOA in area of plant-grower:
1. Monitoring of the state of plants (vegetans, seed), pathogens, symbionts. Determination of phase of
endogenous rhythms which an object is in. Determination of optimum phase of endogenous rhythm for
sowing of seeds. Passportisation of system of new varieties for the purpose the breadth of norm of reaction.
Study of possibility of the use of synergetic hormesis effects. Minimization of adaptation «cost».
2. Storage of harvest. Rough-down (before a book-mark on storage) and treatment in the process of
storage. It is here possible to take preseeding treatment of seed (seed rejuvenation).
3. Protecting from biotic and аbiotic negative influences. Radiation suppression of undesirable germination
(potato, onion etc.).
4. Vegetation. Protecting from the biotic and аbiotic desadaptation factors of vegetating plants. Monitoring
(testing) of current status of plants. Management property of transitivity of the state of adaptation
(stimulation).
5. Selection. Development of methods of management of modification heritable (epigenetic) changeability.
Testing of plant for the purpose of stability on the chosen parameters. Passportisation of new varieties on the
parameter of potential of the productivity.
6. Maintenance of stability of sorts, got by traditional methods of selection and methods of genetic
transformation by application of supporting influences (additional irradiation, for example).
7. Biological engineering. «Constructing» of sowing (mixed sowing), agrocenosis (symbiosis - rhizobiums).
Development of principles of «combining» of biological objects with the purpose of receipt of maximum
integrated complex, possessing maximal expressed necessary to the man of sign. Artificial (for example, by
physical and/or chemical factors) phenotypical «geteronomisation» of sowing material with the purpose of
increase of reliability of sowing in the areas of risky agriculture.
8. An increase of the productivity in the process of vegetation - achievement of a maximum of potential of the
productivity (actually, maximal of stimulation). Selection of hormetic doses. Conditioning for maximal
realization of adaptation potential. Removal of the apical domination. Vibrotreatment of soil as method of
singling. Induction of callus development on root crops by the sharpened mechanical influences.
Management of attractive possibility. Optimization of density of growing of plants. Fixing of phenotypical
modifications, i.e. conditioning for an epigenetic inheritance.
9. Prognostication of harvest.
10. Phytodeactivation. Strengthening of absorptive power by physiological methods (stable analogues of
radioisotopes, gamma-irradiation, hyperthermia treatment etc.). Treatment of seed («training») by the stable
analogues of isotopes.
11. Secondary metabolites. Radiation stimulation of formation of secondary metabolites or radiation method
(«chronicle») of maintenance high level of their synthesis. This method is applicable both for vegetable
plants and for the culture of tissues, being of issue of production of valuable in a pharmacological relation
matters (ginseng (redberry), snakeweed etc).
12. «Physiotherapy» of the room, agricultural, wild oppressed or sick plants by the hormesis (adapting)
doses of ionizing radiation, hyperthermia treatment etc.
13. «Model» objects. Using of obtaining of great number of lateral or adventives roots for the study of radiobiology reactions of vegetable object. In the same aims it is possible to use the bulbs of onion cutting on a
few parts (removal by a dose dependence on parts of one plant, which eliminates genetic heterogeneity
which unavoidable proves during work with plant populations).
Possible and other purviews of theory of the stimulated ontogenetic adaptation: bioindication of global rise in
temperature; adaptation of plants and animals to the terms of desertization; a study of photoperiodic
reactions and phenomena of adding up the plants of effective temperatures and other/.
In spite of variety of directions of practical application to the theory of adaptation, obviously, that all of them
are not outspent. All of it specifies on the insistent necessity of development of general principles of the
applied developments. For example, already it is now possible to establish the high evristic-applied level of
principle of adaptation of biological object to substrate («material»), to power and to informative constituents
of factors.
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PURPOSE: Рlant cell and tissue cultures are widely used for the production of important metabolites and
for the investigation of their biosynthesis (1). Vinca minor L., a member of Apocynaceae, is an
important medicinal plant producing terpenoid indole alkaloids (TIA). The major alkaloid of V. minor
leaves is the monoterpenoid indole alkaloid vincamine (2). Vincamine and its derivatives are used as
cerebral vasodilators. However metabolites biosynthesis and their regulation in V. minor plants as
well as in callus cultures remains poorly investigated (3). Environmental and hormonal signals
regulate various physiological and biochemical processes in plant cultures. TIA and phenolic
compounds could play complementary roles in the interaction of culture cells with different signals.
METHODS: This research has focused on the alkaloid and phenolic compounds accumulation and their
radical scavenging activity in callus cultures of V. minor and discusses their relationships with the
cultivation conditions.
The callus culture was obtained from leaves explants. Cultures were grown on Murashige and Skoog
basal medium containing various combinations and concentrations of 6-furfurylaminopurine (kinetin)
and α-naphthaleneacetic acid (NAA) in growth chamber in dark or in 16-8-h light–dark cycle. Calli
were subcultured every 25 days. Biochemical analyses were carried out on 5-years callus. Dry tissue
was powdered and extracted with 70% methanol. Total phenolic compound content in these extracts
was determined by Folin–Ciocalteu method. Total flavonoid content has been assayed by the reaction
with AlCl3. TIA extraction was carried out as described previously (4) with a slight modification.
Vincamine estimation was performed by HPLC. The radical scavenging (antioxidant) activity was
expressed as the percentage of reduction (PR, %) of the initial DPPH (1,1-Diphenyl-2-picryl-hydrazyl
radical) absorbance by the extracts.
RESULTS: We investigated the influence of NAA and kinetin on both the secondary metabolite
accumulation and growth of V. minor callus culture. The increase in NAA concentration (0,1 - 3 mg/l)
had stimulatory effect on growth activity (data not shown). Low concentrations of NAA produced the
inhibition of growth processes. According to our results, varying the kinetin concentrations (0,1 - 3
mg/l) had no significant effect on fresh biomass accumulation. However the increase in kinetin
concentration had stimulatory effect on vincamine, total phenolic compounds and flavonoid content in
callus cultures of Vinca minor L. (Fig. 1, 2)
Stimulating effects of kinetin and light on phenolic compounds and flavonoid accumulation were
demonstrated (Fig. 2). Light not caused a similar stimulation of biomass and vincamine accumulation
in callus cultures of V. minor L. (Fig. 1).
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ACCUMULATION AND RADICAL SCAVENGING
ACTIVITY OF SECONDARY METABOLITES FROM
CALLUS CULTURES OF VINCA MINOR L.
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Fig. 1 Effect of NAA and kinetin on vincamine
accumulation (A) and radical scavenging activity of total alkaloid extracts (B) (I - 0,1 mg/l Кin, 3 mg/l NAA; II - 3 mg/l
Кin, 0,1 mg/l NAA; III - 3 mg/l Кin, 3 mg/l NAA)
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The determined antioxidant activities of extracts are presented in Figs. Fig. 1 is demonstrated the
neutralization of DPPH radical by the antioxidant action of the total alkaloid extracted from V. minor calluses.
Levels of radical scavenging activities were not strong correlate with the vincamine content. Crude extracts
of V. minor calluses demonstrated significant antiradical activities. High level of radical scavenging activity of
these extracts was correlated with the increase of phenolic compounds accumulation in calluses (Fig. 2).
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Fig. 2 Effect of NAA and kinetin on growth (A) vincamine (B),
phenolic compounds (C) and flavonoid (D) accumulation in V.
minor callus cultures (I - 0,1 mg/l Кin, 3 mg/l NAA; II - 3 mg/l Кin,
0,1 mg/l NAA; III - 3 mg/l Кin, 3 mg/l NAA)

CONCLUSIONS: The main conclusion of this study is that V. minor callus produce important secondary
metabolites such as alkaloids (vincamine) and flavonoids in response to cultivation conditions change. These
metabolites demonstrate significant antioxidant activity which could show a synergic action. Our results show
that metabolites synthesis and accumulation in V. minor callus culture are under control by kinetin and
light/dark regimes.
ACKNOWLEDGEMENTS: Supported by grant of Belarusian Republican Foundation for Fundamental Research
№Б13-013 (2013-2015)
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PURPOSE: An important objective of modern radiobiology is the study of effects caused by the action
of various stress factors on living organisms, as well as the recovery processes and adaptation to
stressful influences. Previously, we proposed a new approach to assessing the state of biotic
component of ecosystem under the action of harmful factors – by the behavior of radiocapacity
factor (1, 2). Radiocapacity factor - a dimensionless quantity, which is defined as the maximum
amount of radionuclides, which by its exposure dose is not yet able to violate the basic functions
of the biota: the ability to maintain the biomass and condition habitat. In experiments on water
culture of maize plants it was shown that the radiocapacity factor – is the convenient and
adequate indicator of the state of biotic components of the ecosystem model (maize plants).
Changing the radiocapacity factor under the action of radiation and toxic factors (γ-irradiation and
introduction of cadmium chloride into the nutrient medium) correlated with changes in growth
indicators. Reducing of the radiocapacity factor values of plants give evidence of worsening of
their sorption activity concerning specially introduced tracer 137Cs, what, in turn, said about the
impairment of state of plants (3, 4). According to the experimental data received, the
radiocapacity parameter proved to be very sensitive to the different stress agents on biota and
could anticipate in advance the trends of growth reactions for biological objects.
The aim of this work was to apply this approach to study the phenomenon of plant adaptation to
the action of the toxic factor - namely, introducing into the habitat of cadmium chloride solution.
Investigations were carried out using the method of assessment radiocapacity factor, the essence
of which is to determine the sorption activity of plant facilities share (percentage) of radioactivity
which remains in culture medium after a defined period incubation of the object on it.
METHODS: The radiocapacity factor (Fb) for each of the experimental variants was calculated as
follows: Fb=1-Аі/А0; where Aі – activity of the nutrient solution in the i-th moment of observation (it
was measured directly during the experiment), A0 – activity of the solution at the initial time
(specially introduced activity). Normalization of the calculated values of Fb was carried out by
dividing the value into the corresponding i-th moment of observation (Fbі) on the Fb value for the
control (Fb contr.) and multiplying by 100%: Fb norm.= (Fbі/ Fb contr.)×100 %.
Thus obtained estimates of sorption activity were then used to construct the radiocapacity factor
of plants dose and time-dependences.
A standard scheme for the study of adaptation whereby variants was subjected to the first impact
of Adaptation dose/concentration (AD), and after some time (Δt) applied a test dose/concentration
(TD), was used. The concentration of cadmium chloride (CdCl2), providing some stimulation on
the growth parameters and indicators of absorption activity of substances from the solution radiocapacity factor, was applied as a modifying influence. This concentration of CdCl2 was
chosen as a result of studying of the concentration dependences of growth and radiocapacity
parameters.
RESULTS: It is seen that concentration 1µM/l of cadmium chloride has influenced the stimulatory
effect on the growth and absorption indicators. Especially clear this effect is observed on the first
day for both parameters. Accordingly, the concentration of cadmium chloride 1µM/l was chosen
as adaptive. As a test dose have chosen the concentration of CdCl2 - 25µM/l.
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The three-day seedlings of maize varieties Prydnistrovska have been used in the experiments. The
seedlings in an amount of 20-25 pc were planted on 0.5 liters glass vessels of settled tap water. Repetition of
each variant was three-time. To study the effect of adaptation to the action of cadmium chloride it was added
the "adaptive" concentration of the solution of CdCl2 1µM/l, and after a certain time Δt - «a testing"
concentration - 25 µM/l into the water. 137Cs was added into the water as a tracer in the form of chloride.
Initial radioactivity of 137Cs in the vessels was 1.5 kBq (per 0.5 l). The residual activity in vessels was
measured for 8 days with intervals of 1 day using γ- spectrometer SEG-05 (Ukraine). The length of the main
root seedlings of each day was measured to study the effect of adding cadmium chloride on growth
characteristics. Then calculated the growth rate and also normalized these values relating to the values for
the control variant.

Fig. 1. The radiocapacity factor of maize plants (left) and growth activity of plants main roots (right) CdCl2 concentration dependences.

Fig. 2. The radiocapacity factor of maize plants (left) and growth activity of plants main roots (right) dependences under
the influence of adaptive (1µM/l) and stress (25µM/l) concentrations of CdCl2.

The radiocapacity factor dynamics for variant using the stress concentration of cadmium chloride 25μM/l with
an interval of 24 hours after adding the modifier concentration 1μM/l, shows the presence of the adaptation
process. This conclusion can be drawn from the comparison of the curve for this variant with the curves of
the independent application of adaptive options and stress concentrations. It can be seen that during the first
4 days radiocapacity factor values for the variant using adaptive scheme increases by 5-10% of the values
for variants using separately 1μM/l CdCl2 and 25μM/l. In the case with the interval 4 hours between the
adapting and stress concentration maize plants absorbing activity recovered to values of the variant using
only the adaptive concentration of 1μM/l. Dynamics of growth characteristics has somewhat different
character - for the variant using adaptive schemes with an interval between adaptive and stress
concentrations 4 hours, adaptation phenomenon was not observed. There has been deterioration in growth
parameters compared with the influence of stress concentration 25mkm cadmium chloride. In case of
application of the 25mkm concentration of CdCl2 24 hours after adaptative 1mcm, we can talk about the
phenomenon of adaptation since the second day.
CONCLUSION: It is evident that application of the radiocapacity factor method to the study of phenomena of plant
adaptation to harmful influences, justified and confirmed by the traditional method of observing the dynamics
of the growth characteristics of plants.
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HYPOTHALAMO-PITUITARY-ADRENAL AXIS
COMPONENT LEVELS IN RATS WITH DOMINANT
AND SUBMISSIVE TYPES OF BEHAVIOUR
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PURPOSE: The studies of genetically determined characteristic of neurohumoral status in animals
inclined to aggressive or submissive types of behaviour, as well as identification of their specific
markers are essential to prevent depressive and aggressive states in humans. Testosterone
synthesized in the fetal and neonatal testis provides sex differences in structure and functions of
brain. Masculinization of brain is evidenced in adults by a capacity to express male – typical
sexual behaviour and high level of aggression (1).
Androgens play a crucial role in regulation of hypothalamo-pituitary-adrenal (HPA) axis (2). In this
regard we have investigated the correlation between the content of testosterone and levels of
HPA axis components (adrenocorticotropic hormone – ACTH and corticosterone) in rats with
dominant and submissive types of behaviour.
METHODS: Experiments were carried out on 76 male rats of 3 age groups: 3-month-old (puberty,
juvenile reproductive period) 6- and 12-month-old rats (the young and mature reproductive
period, respectively). Distribution of the animals into groups with alternative types of behaviour
was made using a model of emotional stress “Sensory contact” with some modifications.
According to the results of testing, the animals were divided into 3 groups: submissive, balanced
and dominant. Testosterone, corticosterone and ACTH levels were determined in blood plasma
by method of immune-enzymatic analysis using “Alkor Bio” (Russia), “DRG ELISAS” (USA) and
“Assay Designs”, respectively.
Statistical analysis of the results was carried out by methods of nonparametric statistics using the
package “Statistica 6.0”. Nonparametric analogues of dispersion analysis – Kruskal-Wallis and
median tests – were used to reveal the dependence of parameters on group. Manna-Whitney test
and correlation analysis according to Spearman were used to compare groups in pairs.
RESULTS: Investigation of testosterone level in the blood plasma of rats revealed its dependence on
type of behaviour. Regardless of age, in rats with dominant type of behaviour testosterone level
was significantly higher (P<0.05), compared with the animals with submissive type of behaviour.
The most significant changes were observed in animals aged 6 months. Balanced animals
occupied an intermediate position between dominant and submissive rats (Fig. 1).
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Fig. 1 Testosterone level (nM) in blood plasma of rat males groups with alternative behaviour types.
* - P<0.05 versus the rats with balanced type of behaviour; ** - P<0.05 versus the rats with dominant type of behaviour
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Blood plasma ACTH levels in rats of different age groups but the same behaviour type were not changed. In
all age groups of submissive animals ACTH level in blood plasma was higher, compared with balanced and
dominant ones. In all age groups the difference between ACTH levels in balanced and dominant males was
not found (Fig. 2).
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Fig. 2. Changes (in %) of corticosterone (a) and ACTH (b) levels in blood plasma of rat males with submissive and dominant types of
behaviour as compared with balanced ones

Corticosterone level in blood plasma of males of different age groups but the same behaviour type was not
changed. The dependence of blood plasma corticosterone level on behaviour type was revealed in all
investigated age groups. In all age groups of submissive animals the blood plasma corticosterone level was
higher, compared with balanced and dominant ones, but in balanced males it was higher than in dominant
males.
Strong positive correlations between ACTH and corticosterone levels were observed in all age groups of
submissive rats, in balanced animals of the young and mature reproductive period, but in dominant rats the
correlation between these parameters was statistically insignificant.
Strong negative correlations between testosterone and ACTH (or corticosterone) levels were found in all
investigated groups, but in dominant rats of young reproductive period the correlation between testosterone
and corticosterone levels was statistically insignificant (Fig. 3).
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Fig. 3. Correlation coefficients between testosterone and ACTH (a) or corticosterone (b) levels in blood plasma of rat males of different
age groups with alternative behaviour types

Testosterone can influence HPA axis both in embryonal period and adult state (3). Testosterone initiates the
sex differentiation of brain in critical period of fetal and perinatal development (4). One of the most important
regions of brain masculinization initiation is hypothalamus (5). Hypotalamic paraventricular nucleus controls
the activity of HPA axis by means of and arginine – vasopressin secretion into pituitary portal system (6). In
adults testosterone can modulate HPA axis by stimulation of expression of the second type receptors to
corticotropin-releasing hormone (CRHR 2) in septum (7) and hippocampus (8).
CONCLUSIONS: Results obtained indicate HPA axis hyperactivity in submissive rats, suggest the important role of
androgens in the formation and functioning of HPA axis, testify to inhibitory influence of testosterone on that
system.
REFERENCES:
1. Roselli C.E., Lice M., Hurn P.P. (2009). Brain aromatization. Classical roles and new perspectives. Semin. Reprod. Med. 27, (3):
207-227.
1. Lund T.D. (2004). Dihydrotestosterone may inhibit hypathalamo-pituitary-adrenal activity by acting through estrogen receptor in the
male mouse. Neurosci. Lett. 36 (5): 43-47.
2. Swaab D.F., Bao A.M., Lucassen P.J. (2005). The stress system in the human brain in depression and neurodegeneration. Ageing
Res Rev. 4 (2): 141-194.
3. Roselli C.E., Lice M., Hurn P.P. (2009). Brain aromatization. Classical roles and new perspectives. Semin. Reprod. Med. 27 (3):
207-227
4. Konkle T.M.A., McCarthy M.M. (2011). Developmental Time Course of Estradiol, Testosterone, and Dihydrotestosterone Levels in
Discrete Regions of Male and Female Rat Brain. Endocrinology. 152 (1): 223–235.
5. Reul J.M., Holsboer F. (2002). Corticotropin-releasing factor receptors 1 and 2 in anxiety and depression. Curr Opin Pharmacol. 2:
23–33.
6. Weiser J.M., Goel N., Sandau S.U. [et al.] (2008). Androgen regulation of corticotropin-releasing hormone receptor 2 (CRHR2)
mRNA expression and receptor binding in the rat brain. Exp Neurol. 214 (1): 62–68.
7. Herman J.P., Mueller N.K. (2006). Role of the ventral subiculum in stress integration. Behav Brain Res. 174: 215–224.

43

Adaptation Strategies of the Living Systems 2014

INFLUENCE OF IZATISON AND NANOSILVER
PREPARATIONS ON THE GROWTH, THE
PRODUCTIVITY ELEMENTS AND ON THE
PHOTOSYNTHETIC PIGMENTS CONTENT OF THE
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GENERATION AFTER TREATMENT
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PURPOSE: The previous our study [1] was reported on the influence of Izatizone (Iz), Izatitony (It),
the preparations were designed in our laboratory, and the Nanosilver (S) preparation [2], was
designed in Institute for Superhard materials V.M. Bakul NAS of Ukraine and was kindly given to
us, on the growth processes of oat cultivar Nezlamny, the elements of its grain productivity and
on the content of photosynthetic pigments in the leaves in the first plant generation after
treatment. The aim of this study is the investigation of the ability to persist of the obtained effects
in the next generation.
METHODS: Like in the previous our study [1], the plants were grown on the little plots of land; the
plant growth processes intensity was estimated by the stem length in the booting (Ls); the
chlorophylls a (Ca) and b (Cb) content, their sum (Ca+b), the carotenoids total content (Ccar) and
the ratios Ca : Cb, Ca+b) : Ccar were estimated in the even-aged leaves in the onset of panicles
formation; the analysis of the productivity elements (the primary panicle length, L; the grains
number in the primary panicle (G); the grains weight from the primary panicle, W; the weight of
1000 grains, W1000) was performed after gather in the harvest. The alterations of growth and
development, the content of the photosynthetic pigments in the leaves and the grain productivity
elements were observed also in the second generation of treated plants.
RESULTS: Particularly, in the second generation the growth processes intensity in the booting (in the
45 days after seed sowing) in the plants of all variants of experiment was considerably increased
(the Ls increased on 28,0 - 55,4%; P<0,001). As opposed to the first generation, such stimulating
effect was revealed also in the variants where Iz, It and the solvents to be its constituents
(dimethylsulfoxide, D; polyethylene glycol, P) were used. As opposed to the first generation,
where the primary panicle length increased also after treatment by Iz, Iz+S, S and D, in the
second generation the statistically significant enhancement of L was observed only in the variants
where It, It+S, D+S, P+S were used (on 9,4 – 15,05%; P<0,05; P<0,01). The grains number in
the primary panicle in the second generation increased in the all variants except D and D+P (on
11,9 – 31,9%; P<0,01;P<0,001). In contravention of the first generation, the effect of G
enhancement was absent there in the variant D and emerged in the variant P, and the highest G
values were observed in the variants It+S, P+S. The grains weight from the primary panicle in the
second generation was increased in the variants Iz and S (on 23,1 and 19,1%; P<0,01;P<0,001);
in the variant Iz+S the tendency to W increase was observed (on 24,7%; 0,05<P<0,10).
Compared with the first generation we ascertained the new features: the augmentation W in the
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variants D+S, It+S (on 35,2 and 19,2%; P<0,001) and the reduction – in the variant D+P (on 24,1%;
P<0,01). In the variants It, D the effect of W enhancement was not persisted in the second generation. It will
be worthy of attention the appearance of the new trait in the second generation – the enhancement of
W1000 parameter in the all variants except P (on 7,1 – 18,4%; P<0,001). The highest increase of W1000
values (on 16,9 – 18,4%) was conditioned by Iz+S, It+S and D+S. Therefore, the crop increase from the
primary panicle in the variants Iz, S, It+S, D+S, P+S of the second generation was stipulated by the
enhancement of grains number in the panicles as well as by its weight.
In contrast to the first generation, the Ca decrease was revealed in the variants D, D+P, P and D+P+S (on
11,3 – 15,9%; P<0,05; P<0,001); the Cb decrease – in the variants D, D+P, D+S, P and D+P+S (on 10,6 –
18,0%; P<0,05; P<0,01; P<0,001) and Ca+b decrease – in the variants D, D+P, P and D+P+S (on 12,2 –
15,1%; P<0,01). It will be particularly worthy of attention the changes of Ca : Cb value in the plants of the
second generation: the enhancement of the Chl b portion – in the variants Iz and P (on 10,1% and 3,5%;
P<0,001 and P<0,05) and the enhancement of the Chl a portion – in the variants D+P; D+S; D+P+S (on 3,4
– 3,9%; P<0,01). It is as opposed to the first generation, where the augmentation of the Chl a portion was
observed in the variants Iz; D+S; D+P+S and the trend to it increase – in the variant D [1]. The total
carotenoids content in the plants of the second generation decreased in the variants P; P+D+S (on 10,0 and
12,5%; P<0,05) and is in contrast to the first generation.
CONCLUSIONS: Therefore, the investigated preparations were revealed the capability to influence on the oat
adaptive potential by determining the changes of pigments content to be the components of reaction centers
of photosystems and its light-harvesting antennas; by acceleration of plant growth and development,
improving its productivity and the yield quality. Such changes may be conditioned by induction of adaptive
reorganization of profile and level expression of the genes responsible for these features, develop already in
the first generation and persist in some cases also in the next generation or appear only in the next
generation.
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EFFECT OF CRUDE OIL AND REFINING PRODUCTS
ON GROWTH OF RHIZOSPHERIC PHOSPHATEMOBILIZING BACTERIA IN SUBMERGED CULTURE
Safronava H.V., Melnikova N.V., Aleschenkova Z.M.
Institute of Microbiology, NAS Belarus, Minsk, Belarus
e-mail: hsafronava@mail.ru
PURPOSE: About 200 thousand hectares of land were ruled out of active agropractice in Belarus as
unacceptable for tillage. The successful recovery strategy may be grounded on soil
decontamination process utilizing plants and associated microorganisms – phytoremediation. Main
advantages of the method are possibility of recultivating vast areas, low cost, high efficiency and
lack of adverse environmental impact (1).
Aim of the work is selection of rhizospheric phosphate-mobilizing bacteria (PMB) resistant to oil
and its derivatives and capable to make up plant-microbial consortia: PBM-rhizobia-legume crops
to restore polluted and degraded agricultural plots.
METHODS: PMB P1/l, 53, 57, 64 isolated from rhizoshere soil samples representing various
climatic zones of Belarus. The isolates stimulate seed germination and seedling growth of birdsfoot trefoil, Galega orientalis, alfalfa and soybean, respectively.
Preliminary effect of combustible-lubricating materials on PMB growth was estimated by wells
technique (2) on agar meat-wort medium. Contaminating substances: oil, diesel fuel or industrial
oil of brand IGP 30 were supplied into wells at 3% (v/v) concentration.
PMB sensitivity to crude oil and derived products was examined in submerged culture (2). 1%
(v/v) of oil, diesel fuel or IPG 30 was added to liquid molasses-mineral medium (3) and the latter
was inoculated with tested microorganism in 10% ratio.
Submerged fermentation of PMB was carried out in 250 ml Erlenmeyer flasks containing 100 ml
of nutrient medium on the shaker (agitation rate – 200-220 rpm) at temperature +26 - +28оC
during 48 hours. After termination of incubation the titer of viable PMB cells was evaluated by
plate method (4).
Results: Plating tests revealed no inhibitory action of oil and its derivatives on PMB: zones
indicating suppression of bacterial growth were not registered. The tested variants P1/l, 53, 57,
64 also showed resistance to the pollutants during submerged 48 h fermentation in liquid
molasses-mineral medium (table).
Table. Titer of PMB viable cells during submerged fermentation in liquid medium
Experimental variant
Pseudomonas fluorescens P1/l (pollutant-free control)
Pseudomonas fluorescens P1/l + oil (1%)
Pseudomonas fluorescens P1/l + diesel fuel (1%)
Serratia sp. 53 (pollutant-free control)
Serratia sp. 53 + oil (1%)
Serratia sp. 53 + industrial oil (1%)
Serratia plymuthica 57 (pollutant-free control)
Serratia plymuthica 57 + oil (1%)
Serratia plymuthica 57 + industrial oil (1%)
Enterobacter sp. 64 (pollutant-free control)
Enterobacter sp. 64 + diesel fuel (1%)
Enterobacter sp. 64 + industrial oil (1%)

Titer of living PMB cells, CFU/ml
(3.38 ± 0.048) . 1010
(6.08 ± 0.191) . 1010
(3.92 ± 0.104) . 1010
(4.33 ± 0.075) . 109
(6.37 ± 0.706) . 1010
(3.13 ± 0.176) . 1010
(1.04 ± 0.529) . 1010
(2.40 ± 0.115) . 109
(4.48 ± 0.125) . 1010
(3.79 ± 0.098) . 109
(4.95 ± 0.225) . 109
(3.70 ± 0.186) . 109
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The number of P1/l microbial cells increased 1.7 times at 1% oil concentration and rose 1.2 times at 1%
diesel fuel level in the media. The titer of PMB 53 cells in presence of crude oil and diesel fuel constituted 6.37
x 1010 and 3.13 x 1010 CFU/ml, respectively. Population of strain PMB 57 utilizing IGP 30 exceeded 4.3 fold
the control value.
Diesel fuel in 1% concentration stimulated growth and propagation of PMB 64 cells by 1.3 times. The titer of
PMB 64 cells cultured with industrial oil equaled 3.7 x 109 CFU/ml. Based on nucleotide sequence analysis
of gene 16SpRNA the isolates P1/l, 53, 57, 64 were identified as Pseudomonas fluorescens P1/l, Serratia sp.
53, Serratia plymuthica 57, Enterobacter sp. 64, respectively.
CONCLUSIONS: Rhizospheric phosphate-mobilizing bacteria P1/l, 53, 57, 64 are suitable for application as
phosphate-mobilizing constituents of plant-microbial associations designed for phytoremediation of soils
polluted with crude oil or its processing products.
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ADAPTIVE PECULIARITIES OF CARDIOVASCULAR
AND RESPIRATORY SYSTEMS OF CHILDREN WITH
VISUALLY IMPAIRED AT PRIMARY SCHOOL AGE
Shmalyey S., Scherbina T.
Crimean Engineering-Pedagogical University, Ukraine
Kherson State University, Kherson, Ukraine
e-mail: vita-57@yandex.ru
Devoted to the study of anthropometric indices, the physiological characteristics of the
cardiovascular and respiratory systems in conditions of relative rest and when the load in children
7-10 years with impaired visual function. Evaluation of the cardiovascular and respiratory systems
is of particular importance to establish the level of adaptation of visually impaired children in
conditions of chronic stress due to the scarcity of visual information, which is especially important
in the processes of external and internal homeostasis.
The overwhelming majority of physiological parameters in visually impaired children deviates from
the norm in contrast to similar indicators of children with visual norm. Identified in terms of gender
differentiation does not significantly affect the difference in the investigated characteristics of
external respiration, systemic and cerebral circulation between the experimental and control
groups.
Children 7-10 years with limited visual capabilities compared with their peers without visual
abnormalities identified 23 significantly worst indicator of all 76 tested parameters. Limitation of
visual features in childhood physical development limits. Do visually impaired children are lagging
behind growth, body weight, chest circumference, body surface area from normal peers. A lower
level of physical development can be explained by the presence of primary and secondary defect
deviations caused by a forced physical inactivity. Impaired children have lower values of blood
pressure and increased rates of heart rate in a state of conditional dormancy. They form a
specific functional adaptive responses to exercise static and dynamic character. It is shown that
the cardiovascular system is impaired children less adaptable to local static and dynamic loads,
resulting in a change in reactivity of the cardiovascular system and increase the number of
relationships between indicators in comparison with the control group.
More significant changes in cerebral hemodynamics impaired children occur in the basin of the
vertebral arteries, and not in the basin of the internal carotid arteries. Differences in terms of
cerebral blood flow from the control group are observed mainly in the right hemisphere of the
brain, and are high in peripheral vascular resistance, high tone of arterial and venous vessels
types of small-caliber, low blood filling the arterial bed and low blood flow velocity in the basin of
the vertebral arteries.
Children with visual disabilities opportunities more pronounced asymmetry of vascular tone of
arterial and venous type of small-caliber, blood filling the arterial bed in the right hemisphere , the
venous outflow from vertebro-basilar system of the right hemisphere, the volume flow rate in the
basin of the vertebral arteries.
Children with impaired vision is deteriorating indicators of volume and speed characteristics of
external respiration in both quiet breathing and forced expiratory. Impaired children 7-10 - age
have lower forced vital capacity, forced expiratory volume in one second, the time to reach peak
volume velocity, maximum expiratory flow at 75 % of vital capacity, vital capacity and inspiratory
vital capacity exhale, respiratory minute volume, expiratory reserve volume and expiratory
reserve volume relationship to lung capacity. Impaired children have revealed more cases of
ventilatory insufficiency, particularly obstructive nature.
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Analysis of the correlation between intra- system parameters, cerebral hemodynamics, external respiration
revealed some peculiarities in the mechanisms of adaptation of these processes in visually impaired
children. Shown that chronic restriction of visual function affects the increase of reliable relations between
the characteristics of cerebral blood flow pool vertebral arteries, changing the nature of the strong correlation
for the forcing of breath compared with children without visual abnormalities.
Revealed statistically more likely relationships between the studied parameters, which indicates that certain
features of the modulation and control systems in children with weakened visual functions. These changes
are permanent and specific to the type of sensory limitations.
Statistically significant amount of probable differences leads to the conclusion about the negative effects of
defects on the physical and functional development of the organism in the early school years. Data obtained
in this study will help to substantiate adaptive physiological and psychological and pedagogical methods for
correction of functional state of the organism in visually impaired children of primary school age.
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DEPRESSION OF MOLECULAR STRESS-RESPONSE
SYSTEMS IN INVASIVE ORGANISM DURING
OCCUPATION OF NEW TERRITORY. THE EXAMPLE
OF TRANSPLANTED MOLLUSC DREISSENA
POLYMORPHA
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Sokolova I.2, Stoliar O.1
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PURPOSE: The actual issue of invasive species that occupy new territory needs to elucidate the
molecular basis and limits of their preferences. The aim of this study was to evaluate the availability of
stress-related and pollutant-specific responses in invasive mussels to long-term adaptation in new
area. The spread of invasive species, such as the zebra mussel, Dreissena polymorpha, play an
important role in deterioration of freshwater ecosystems (1). D. polymorpha originated in the PontoCaspian region and spread around the world, including Ukraine, Western Europe and the United
States causing ecological and economic devastation of unprecedented magnitude. Zebra mussels are
one of the most aggressive invaders in freshwater ecosystems that have dramatic impacts on
indigenous species due to the changes in habitat quality, competition for food and fouling of the native
mussels.
METHODS: Multi-marker battery was applied in the present study to detect the most appropriate period
for the distinguishing of responses of zebra mussel to new environment (2, 3). It included the nonspecific biomarkers of stress, mainly the characteristics of the oxidative damage, and the biomarkers
of exposure to specific kinds of pollution. Oxidative stress indices included the superoxide dismutase
(Mn-SOD, Cu,Zn-SOD) and catalase (CAT) activities, glutathione (GSH/GSSG) concentrations, TBAreactive substances (TBARS) concentrations. The metallothioneins (MTs), rich in thiols low-molecularweight cytosolic proteins represent a constitutive part of the set, whereas they are considered as a
marker of toxic metals (cadmium, copper and zinc) and also stress-related proteins with sharply
elevated expression under stressful conditions (4, 5). Other markers of specific kinds of pollution
included cholinesterase activity (ChE, marker of pollution by carbamate and organophosphate
pesticides), vitellogenin-like protein level (Vtg-LP, marker of endocrine disruption caused by
environmental steroids), and ethoxyresorufin-O-deethylase activity (EROD, microsomal
biotransformation system characteristic). Zebra mussels were transplanted from a reference site C to
sites with agricultural pollution (B or A), the alcohol industry (S or I1), or manufactured (O or I2)
wastes. Molluscs were studied after 14, 28, 60 and 120 (group B) days of exposure. Data were tested
for normality and homogeneity of variance using Kolmogorov-Smirnoff and Levene’s tests,
respectively. Since data were not normally distributed (Lilliefors’ test), non-parametric tests (Kruskall–
Wallis ANOVA and Mann–Whitney U-test) were performed (significant at p < 0.05). Data were
subjected to Centroid grouping and Discriminant Functional analyses to differentiate the individual
specimens by the set of their indices, both in different sites and different sampling periods. All
statistical calculations were performed on the separate data from each individual with SPSS 15.0
software, Statistica v 8.0 and Excel for Windows-2000.
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RESULTS: The common features for all transplanted mussels were elevated TBARS levels in July, and low GSH
levels in September. After 14 days of exposure, most specific responses in each site were detected (Fig)
according to individual markers, namely MTs and oxidative stress indices. The typical features of the mussels at
site B were low activities of SOD and CAT in June. At sites S and O, high levels of SOD and CAT were observed
in the mussels. SOD activation was primarily provided by the Cu,Zn-SOD form and further, by the Mn-SOD form.
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Fig. The elution profiles on Sephadex G-50 of the thermostable extract from the soft tissues of D. polymorpha (A, B) and graphical
representation of groups clusters derived from centroid grouping analysis in July (1), August (2), September (3), and November (4) (C)
at the reference site (C) and polluted sites B (A), S (I1), O(I2): A, July; B, September. Arrows highlight the elution volume of markers:
25.8 kDa, 17.0 kDa, 12.3 kDa, 8.4 kDa; Ve, elution volume; Vo, void volume of the column.

The interim (July) appearance of MT with a molecular mass of about 20 kDa (MT20) in addition to the constant
presence of MT10 was apparent in all studied groups indicative rather seasonal effect than pollution in the area.
Later responses were related to the declining of the functions of stress-related proteins and the elevation of the
signs of toxicity. The concentrations of the products of oxidative damage, TBARS, were elevated especially at
sites O and S in September and reached approximately double the control values. In the mussels from the O- and
S-groups, the elevated concentration of zinc in the tissue but low efficacy of MT in its binding was shown, whereas
in the mussels from the group B, the MT supplied successful binding of the excess of copper when its
concentration in the tissues was elevated. Cadmium was accumulated in the MT of the mussels from site C. The
weakening of metal-binding function of MT indicates probably the exceeding of the adaptive abilities of this
protein. Recently we reflected the decline of the ability to bind metals with MTs in the mussels from chronically
polluted area under the experimental loading by metals or pesticides (6, 7). The content of Cd and MT in the
tissues was similar for the groups compared in each period or highest in control group after 120 days of
transplantation. The same higher level of Cd in the site located near the city was detected in the indigenous
bivalve mollusc despite other indices indicated this site as less polluted, and the same elevated Cu level was
reflected in MT of indigenous mollusks at the B site (5). The MTs concentration demonstrated a common temporal
pattern. The transplanted mussels had higher MTs level than the controls in July and August (except at site A in
July) but lower levels in September.
Wave-like temporal changes were observed for ChE activity. In each period, its levels were lowest in the control
and sometimes at site A. In general, EROD activity and Vtg-LP content increased over time demonstrated the
accumulation of toxic substances. Vtg-LP levels were lower in all transplanted groups than in the controls in July
but in later periods they exceeded the control value, especially at site S in September. The prominent decrease in
the low weight thiols, both MTs and GSH, in September confirms the oxidative injury here.
The application of centroid grouping analysis (Fig. C) allowed the differentiation of three clusters corresponding to
July, August, and September and November combined. In each period, except August, sites A and I1 were
distinctly separated from C within the common temporal cluster. By Discriminant Function Analysis, the groups
were discriminated best after 14 days of exposure with the biggest distance between site A and I2. The least
differences between groups were reflected after 28 days of exposure (Fig C).
CONCLUSIONS: To summarise, the 14 days of caging was the best period to select the specific types of the biological
responses of D. polymorpha to new environment. Later, the study revealed the depression of the stress-related
responses and the forcing of the signs of destruction in all groups transplanted to new areas. These results
witness the short duration and transitional character of the preferences of the invasive species in new
environment after that the exhausting of these preferences could be detected.
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Project (M/4-2013) and U.S. Civilian Research and Development Foundation (CRDF) Cooperative Grants
Program award (UKB1-7109-TE-13).
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ADAPTATION STRATEGIES BIOFILM
ENTEROBACTERIA INDUCED BY ANTIBIOTICS
Sukharev Yu. S.
Private Enterprise "Vetfarm", Kharkiv, Ukraine
e-mail: Yuriy_sukharev@mail.ru
Difficulties in treating many bacterial infections associated with the formation in the patient's
microbial biofilms. The essence of this problem is the fact that bacteria, organizing on a surface
complex community - biofilm acquire qualitatively new properties compared with microbes floating
in the plankton (not associated with the formation of biofilms) form. Today already wellestablished role of biofilms in at least 60% of all cases of chronic and recurrent infections [1].
Biofilms are special and, nevertheless, a prevalent form of existence of microorganisms, which is
the focus of special attention due to the increasing amount of information concerning the role of
the organization of microorganisms in infectious diseases. In fact, at the moment, a new branch
of preventive and therapeutic medicine, need to understand the mechanisms of formation and
development of methods to prevent biofilm formation or destruction formed.
Biofilm is no simple accumulation of bacteria on a certain surface, and the cell component
consists of mono- or association cultures of microorganisms and extracellular matrix represents a
complex biochemical mixture of polysaccharides, glycopeptides, nucleic acids and lipids. This
slimy three-dimensional biopolymer heterogeneous in different layers, furthermore, contains in its
composition structure, similar to transport and water channels [2].
The essence of existence is to protect the biofilm present in it microorganisms from adverse
physical, chemical and biological factors of the environment, to which belong the temperature
impact, drying, ultraviolet radiation, various chemicals, humoral and cellular protective factors of
microorganisms [3].
In addition to the absolute biological synergism when the waste products of one species are
breeding ground for the other, in biofilms observed clearly ranked interaction between microbes
belonging to the same or different species, with special signaling systems , one of which is, in our
opinion, enterotoxins.
Clinical observations have shown that stress in enterobacteria, caused by the use of antibiotics in
the treatment of acute intestinal diseases in calves, stimulated the production of enterotoxins
(which is manifested in the increase of diarrhea ), and drug resistance.
With world selected PCR primer pairs was found in that biofilms intestine of calves from P.
vulgaris identified specific nucleotide sequences homologous to conserved regions of genes and
ST-LT-enterotoxin Escherichia coli.
Thus, like E. coli, and P. y vulgaris was a high resistance to a variety of antibiotics.
Transmissible plasmids activity associated toxigenicity and regulated drug resistance, apparently,
not only environmental conditions (stress on the use of antibiotics, etc.), in which lived the
bacteria, but also the properties of the internal environment of calves (mucosa of the intestinal
epithelium). Transmission occurred in the distal small intestine of calves, which has a high density
of bacterial populations. On the surface of the mucosa of the small intestine 10 cm long by
8
9
bacteria reached 10 -10 .
Thus, the dual horizontal transfer determinants of toxigenicity and multidrug antibiotic activated
enterotoxins in critical situations for bacteria (antibiotics) , increasing the likelihood of adaptive
changes in the genome .
Possibly, such genetic cooperation in biofilms allows bowel bacterial communities to manage
their life-sustaining resources and flexibly respond to damaging factors, while achieving the main
strategic goal - survival of the species.
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Ability to horizontal gene transfer makes bacteria in biofilms is very dynamic, and gives the opportunity for
evolution due to fast changes in the genome - quantum jumps, which contradicts the notion of gradualist
character evolution.

+

Fig. Electrophoretogram of the amplification products: 1 - DNA marker (ST); 2 - positive control (K ST);
3 - experience
+
(ST); 4 - negative control (K ); 5 - DNA marker (LT); 6 - positive control (K LT); 7 - experience (LT); 8 - negative control (K ).

Table. The structure of the primers for the identification of genetic determinants of E. coli enterotoxins
Calculated Tm
size
Primer
Sequence of primers
primer
amplicon
annealing
np
LT (direct)
5´TCTCTATATGCACACGGAGC 3´
68
227
LT (return)
5´CCATACTGATTGCCGCAAT 3´
66
ST (direct)
5´TGCTGTGAAATATGTTGTAATCCTGCCTGT 3´
60
262
ST (return)
5´АTGACGGGAGGTAACATGAA 3´
60
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ADAPTIVE STRATEGIES OF SOME PREURAL FOREST
FORMING TREE SPECIES TO THE TECHNOGENIC
POLLUTION
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e-mail: urv@anrb.ru
Large literature on studying of plants adaptations, including wood, to technogenic pollution is devoted.
Entire complex of adaptations to anthropogenic impact from biochemical, cellular, anatomical and next
to the ecosystem is presented (Kulagin, 1974, 1985).
When it talks about the strategies of plants organisms, it is accepted to consider known system of
ecological strategies Ramenskiy-Grime (Ramenskiy, 1935, 1938; Grime, 1979), where biocenotic
types of plants are divided into violents, patients and explerents. The system is based on species
«behaviour» in a wide range of ecological-coenotic situations.
In classification of plants adaptability systems there are two most common approach – the
classification of life forms as adaptive morphophysiological complexes, reflecting different variants of
ecological environment (Serebryakova, 1971), and the classification of ecological-phytocoenotic
strategies (Mirkin, Naumova, 1998, 2012; Usmanov etc., 2001), representing an expression of plants
survive way in different ecological and coenotic conditions.
A separate direction – is the plants adaptability system to different habitats across their functioning
peculiarities, i.e. the survive ability, using various morphological, physiological and biochemical
mechanisms. Group of private primary adaptive reactions consists of the species specific
combinations and multiple of possible primary adaptive reactions to the influence of various
environmental factors (Usmanov etc., 2001).
Wood plant, in contrast to the grassy, is a complicated multi-structured organism, each structure of
which, despite the overall system integrity, shows the relative independence. According to our
researches, the independence of wood organism structures adaptive reactions is especially brightly
shown in hydrocarbon type pollution conditions. If take into consideration, that tree species (mature
formed stands) are violents (due to their position in formed phytocenosis and environment-forming
role), the question arises: what is their adaptive strategy to a new for them (in historical plan)
anthropogenic factor attached to naturally established phytocoenotic factor (i.e. excluding the last)?
Adaptive strategies to technogenesis, but not for individual species, and for a different plants species
aggregate, were proposed by V.K.Zhirov with co-authors (2006). It is considered the interaction
between plant organism different levels organization structures during adaptive reactions formation to
industrial pollution. It is proposed to determine the degree of independence or coherence of individual
structures of hierarchies, far from ecological optimum, as passive or active adaptive response strategy
of organism and overorganismic structures.
Analyzing the set of approaches given above to considering question it is submitted advisable to us
consider wood species adaptive strategy to technogenic factor as coherence degree of relatively
independent differently directed adaptive reactions (anatomic, physiological, biochemical, gabitual,
etc.) at different levels of wood plant organization (Urazgil’din, 2009). It is offered to distinguish the
following wood plants adaptive reactions to technogenic factor impact (for convenience we will
consider on a concrete example – the leaf area sizes; it is known that kserofitization and
kseromorfization of plants in extreme natural and technogenic conditions is "classical" adaptation):
– active – parameters significantly and authentically change under the factor influence towards
"classical" adaptation to it (the leaf area considerably and authentically decreases);
– moderate – parameters slightly change under the factor influence towards "classical"
adaptation to it (the leaf area slightly decreases);
– neutral – parameters don't change under the factor influence (the leaf area doesn't change);
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– passive – parameters slightly change under the factor influence to the opposite side from "classical"
adaptation to it (the leaf area slightly increases);
– tolerant – parameters significantly and authentically change under the factor influence to the opposite side
from "classical" adaptation to it (the leaf area significantly and authentically increases).
Thus, the more "classical" adaptive reactions to external stressful factor impact are strongly shown, the more
organism is sensitive to factor, and vice versa, the less shown "classical" adaptive reactions, the more organism is
tolerant.
Proceeding from it it is offered to distinguish following adaptive strategies depending on adaptive reactions
coherence degree to the technogenic factor, shown at different levels of wood plant organization:
– active (80-100% of adaptive reactions belong to active);
– moderate (the mode or median of adaptive reactions aggregate belongs to moderate);
– neutral (the mode or median of adaptive reactions aggregate belongs to neutral);
– passive (the mode or median of adaptive reactions aggregate belongs to passive);
– tolerant (80-100% of adaptive reactions belong to tolerant).
The choice of mode or median is defined by character of received adaptive reactions aggregate. As a whole, the
more passive species adaptive strategy, the higher its adaptive potential and more successful existence in
stressful factor conditions.
The Ufa city is the large Preural industrial center. Petrochemical production profile cause emission in
environment number of gaseous toxic substances, which due to their specific weight is heavier than air they are
contained in ground layer of the atmosphere. In researches region the zones of strong, light industrial pollution
and control are conventionally restricted. Objects of research were forest stands of Pinus sylvestris L., Larix
sukaczewii Dyl. Picea obovata Ledeb., Tilia cordata Mill., Quercus robur L., Betula pendula Roth., at which at
the end of vegetative period the following parameters were investigated: morphology of leaves (needles) and
shoots – 7 parameters, water exchange of leaves (needles) – 3 parameters, pigments balance of leaves
(needles) – 3 parameters, condition of root systems – 4 parameters, wood trunk radial growth, forest stands
relative vital condition.
Lime
Oak
10
Apparently from figure 1 for all studied wood species
Birch
Pine
9
availability of all adaptive reactions types to
Larch
Spruce
8
technogenic pollution among 19 studied parameters
7
is characteristic, but thus each species has one
6
adaptive reaction with the maximum quantity of
5
parameters which are present at it. Parameters
4
distribution character on adaptive reactions doesn't
3
depend on species belonging to coniferous or
2
deciduous tree species, but thus it is clear visible
1
that from 6 studied species always there is two
0
species, that characterized the same parameters
active
moderate
neutral
passive
tolerant
distribution tendency.
Fig. 1. Distribution of studied tree species parameters on
adaptive reactions types to industrial pollution.

So, the same tendencies are shown at species: lime-birch, larch-spruce, oak-pine. In the first case concurrence
of tendencies is found out at deciduous species, in the second at coniferous, and in the third at deciduous and
coniferous species, that speaks about absence of clear similar tendencies only among coniferous or only
among deciduous species.
As a whole in relation to technogenic pollution the studied species show the following adaptive strategies: lime
and birch – moderate, larch and spruce – neutral, oak and pine – tolerant. It is considered that wood plants are
more exposed to influences of external stressful factors when they grow on border of natural distribution area.
In researches region oak, larch and spruce are on border of distribution area, and lime, birch and pine – within
an area. Thus, the choice of wood species adaptive strategy to technogenic pollution doesn't depend on
ecology-biological features, an area of distribution and belonging to coniferous or deciduous species, but
depends on concrete adaptive reactions at different levels of organization, and eventually – on adaptive
potential of species as a whole to concrete type of pollution. In our case the greatest adaptive potential to
hydrocarbonic type of pollution characterizes oak and pine, and the smallest – linden and birch.
ACKNOWLEDGEMENTS: Supported by Russian Foundation of basic research Grants 2005 № 05-04-97906,
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TERRITORIES IN THE URALS: DISTRIBUTION,
CHROMOSOMAL INSTABILITY, MORPHOLOGICAL
VARIABILITY
Yalkovskaya L.E.1, Markova E.A.1, Polyavina .V.2, Cheprakov M.I.1
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Institute of Plant and Animal Ecology Ural Branch of Russian Academy of Science,
Ekaterinburg, Russia
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Nizhny Tagil State Social Pedagogical Academy, Nizhni Tagil, Russia
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PURPOSE: Increasing anthropogenic impacts on the biosphere emphasize the need for better
understanding of the mechanisms involved in the adaptation of living organisms to changeable
environmental conditions, including anthropogenic transformation of habitats. Chromosomal
sibling-species Microtus arvalis Pallas, 1779 (including arvalis and obscurus forms, 2n=46) and
Microtus rossiaemeridionalis Ognev, 1924 (2n=54) are facultative synanthropic species with
known cases of unintentional introductions beyond the natural distribution boundaries and
expansions to anthropogenically transformed landscapes (1, 2, 3, 4). Several studies conducted
in the wide zone of sympatry have shown that M. rossiaemeridionalis is more abundant and
successful species in human-transformed habitats and in urban territories as compared with M.
arvalis (5, 6, 7).
We study distribution, chromosomal and morphological variation in Microtus arvalis obscurus and
M. rossiaemeridionalis in the two large cities of the Middle Urals - Ekaterinburg and Nizhni Tagil
in order to determine the characteristics of their populations in urban territories of the Urals.
RESULTS: During the 1999-2013 trapping years both species have regularly been recorded in the
fauna of the two cities. In Ekaterinburg sibling-species were detected in 9 trap sites: in one site
the two species coexisted, in one site only M. arvalisobscurus, and in seven only M.
rossiaemeridionalis were captured. In case of co-existence, M. rossiaemeridionalis was
predominating during the years of trapping. In Nizhni Tagil, the sibling-species were detected in 4
sites: in two sites only M. arvalis had been detected for several years, and in two sites both
sibling-species coexisted, although M. arvalis obscurus was predominating. The patterns of
distribution of M. arvalis obscurus and M. rossiaemeridionalis in Ekaterinburg suggest that the
latter species appears to be more successful in patchy habitats in the city center. In N. Tagil, M.
rossiaemerisionalis is found to be a rare species as compared with M. arvalius obscurus and the
patterns of co-existence for the two species demands further study.
Analysis of chromosomal instability (characterized by frequency of bone marrow cells with
structural chromosome aberrations) in both species from Ekaterinburg showed that this character
varied, depending on the study area: in M. arvalis 0.86% - 2.50%; in M. rossiaemeridionalis
1.94% - 7.00%. In the sites where the two species co-occur, M. rossiaemeridionalis was
characterized by higher levels of chromosomal instability, compared with M. arvalis (2.21% and
0.86%, respectively).
Analysis of morphological variability based on dental characters showed that M. arvalis obscurus
was characterized by no differences in complexity of the first lower (m1) and the third upper (M3)
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molars among trapping sites within the same city (F=0.6, df=2, p=0.552) and between the cities (F=2.2, df=1,
p=0.141). Average complexity ranks estimated using the previously described approach (8) were about 2.12.2 for M3 and 3-3.2 for m1. No differences in variability patterns for m1 and M3 among trapping sites were
detected (Ftooth/lokality=0.5, p=0.474). In M. rossiaemeridionalis, the differences between samples from
Ekaterinburg were more pronounced (mean complexity ranks for m1 were about 3-3.3, for M3 - 1.99-2.69),
but did not reach statistical significance (F=2.96, df=2, p=0.057). Variability patterns among trapping sites
were significantly different for m1 and M3 (Ftooth/locality =10.8, df=2, p<0.001).
Thus, both Microtus arvalis obscurus and M. rossiaemeridionalis are represented in the fauna of large
industrial cities of the Middle Urals. In both species, the level of chromosomal instability in the local
populations from the territory of one city may vary considerably among trapping sites, although M.
rossiaemeridionalis usually tends to exhibit higher levels of chromosome damage. The range of
morphological variatiability (dental characters) in urban habitats is higher in M. rossiaemeridionalis than in M.
arvalis obscurus.
ACKNOWLEDGEMENTS: The study was supported by RFBR №14-04-00614 and RAS Presidium program
12-П-4-1071.
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Diazotrophic soil bacteria, a key element in the nitrogen cycle in nature, are susceptible to the
effects of constantly changing abiotic and biotic environmental factors, which determines the high
adaptability of these microorganisms. The first protective element of their defense system is the
cell surface, which makes contact with the bacterial environment. In gram-negative bacteria, the
predominant cell-surface component is lipopolysaccharide (LPS), whose macromolecules are
composed of three structurally and functionally different portions: lipid A, a core oligosaccharide,
O-specific polysaccharide chains. The lipid portion of these glycopolymers is responsible for their
toxic properties and also anchors the LPS to the cell surface. It has previously been thought that
lipid A is the most conservative portion of this macromolecule (1); however, current evidence
indicates that fatty acid (FA) composition and ratio change in response to various environmental
factors (2). For plant-growth-promoting rhizobacteria of the genus Azospirillum, researchers have
described modifications only in exopolysaccharides as a response to changing culture conditions
(3). Therefore, the aim of this study was to analyze the FA composition of the lipids A from
Azospirillum LPSs and LPS-protein complexes (LPPCs) – complex glycopolymers of the capsular
material (4). Bacteria were grown in a liquid and on an agarized nutrient medium at various times
of culturing and C/N ratios and with different carbon sources.
Using gas-liquid chromatography of methyl esters of the FAs (FAMEs) as part of the lipid
components of glycopolymers from the membrane and capsule of three Azospirillum strains
(A. brasilense Sp7, Sp245, and SR80), regardless of the culture conditions, we identified
saturated, unsaturated, and 3-hydroxylated FAs with a carbon chain length of C14 – C19. Analysis
of the obtained data showed that in the LPSs of all strains used, the predominant acids were 3hydroxytetradecanoic (3-OH-C14:0), 3-hydroxyhexadecanoic (3-OH-C16:0), and octadecenoic
(C18:1) FAs (marker acids; 71-89% of the FAME peak areas in the chromatograms). The FAME
profiles of the LPPCs also indicated that the lipid fractions of the three strains had similar
contents of the marker FAs (61-92% of the FAME peak areas). In addition, the LPPCs of all the
strains grown on an agarized nutrient medium for 3 days were found to contain undecanoic FA
(8-23%).
The ratio of hydroxy to unsaturated acids (3-OH-C14:0 + 3-OH-C16:0 to C18:1) as part of the lipid A
of A. brasilense Sp7 LPS was observed to change depending on the culture conditions.
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Specifically, in the LPS of azospirilla grown for 5 days in media with fructose (FM) and malate (MM) at a
standard C/N ratio of 3/1, this ratio was ~1:1. When the cells were grown in an FM at a C/N ratio of 40/1, the
ratio was ~1,5:1. In 24-h-old cultures, however, the share of hydroxy acids increased twofold when the cells
were grown in an FM at a standard C/N ratio and eightfold when they were grown in an MM.
As part of the hydrophobic portions of the bacterial LPPCs, the ratio of hydroxy to unsaturated acids was
~1:2 for almost all modifications in the culture conditions. An exception, a ratio of ~9:1, was recorded when
the growth time in an FM at a C/N ratio of 40/1 was extended to 5 days.
Analysis of the FA profiles for the lipid A of Sp245 LPS permitted us to find that the sum of hydroxy acids
was twofold larger than the amount of the unsaturated C18:1 FA, increasing fivefold for 24-h-old cultures
grown on an MM. For the LPPC, the ratio of the sum of 3-OH-C14:0 and 3-OH-C16:0 to C18:1 was ~1:2.
For the SR80 LPS, the ratio of hydroxy to unsaturated acids was ~1:1 under almost all culture conditions,
except for the LPS of azospirilla grown in an FM at a C/N ratio of 40/1 for 5 days (~2:1). Similar results were
obtained by analysis of the hydrophobic portions of the LPPC: the ratio between marker FAs was found to be
constant (~1:1), except for the LPPC of bacteria grown in an FM at a C/N ratio of 40/1 for 5 days (~3:1).
The investigated modifications of the culture conditions for the three A. brasilense strains have shown the
constancy of the qualitative FA composition for the LPS and LPPC, with one exception: it has been found for
the first time that growth of the bacteria on an agarized MM for 3 days induces the appearance of
undecanoic FA as part of the structure of the LPPC lipid components. For A. brasilense SR80, extending the
cultivation time, changing the carbon source, and increasing the C/N ratio in the medium elevated the ratio of
hydroxy to unsaturated acids twofold in the LPS and threefold in the LPPC. For the lipid portions of the Sp7
and Sp245 LPSs, a characteristic feature is the equalization of the contents of the hydroxy and unsaturated
acids during growth for 5 days, regardless of the C/N ratio and carbon source in the medium. Whereas for
the LPPC of the Sp7, an opposite effect is observed: an increase in the relative content of hydroxy versus
unsaturated acids when the cells were grown in an FM at a C/N ratio of 40/1 for 5 days. Possibly, this has to
do with LPS excretion into the capsular material during bacterial growth. Yet, as the culture was moving into
stationary-phase growth, a modified lipid A was synthesized in the bacterial membrane that had an increased
content of unsaturated acids. This indicates that the culture-growth phase is a deciding factor affecting the
structure of the lipid anchor of Azospirillum LPS.
REFERENCES:
1. Wilkinson S.J. (1977). Composition and structure of bacterial lipopolysaccharides. In: Surface carbohydrates of the prokaryotic cell
(Ed. I. Sutherland). London: Acad. Press. P. 97–175.
2. Paulucci N.S., Medeot D.B., Dardanelli M.S., Garcia de Lema M. (2011). Growth temperature and salinity impact fatty acid
composition and degree of unsaturation in peanut-nodulating rhizobia. Lipids. 46(5): 435–441.
3. De Troch P., Philip-Hollingsworth S., Orgambide G., Dazzo F., Vanderleyden J. (1992). Analysis of extracellular polysaccharides
isolated from Azospirillum brasilense wild type and mutant strains. Symbiosis. 13: 229–241.
4. Konnova S.A., Makarov O.E., Skvortsov I.M., Ignatov V.V. (1994). Isolation, fractionation and some properties of polysaccharides
produced in a bound from by Azospirillum brasilense and their possible involvement in Azospirillum-wheat root interaction. FEMS
Microbiol. Lett. 118: 93–99.

59

Adaptation Strategies of the Living Systems 2014
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On the territory of Ukraine Middle Dnieper, including Kiev region, is seriously affected by technogenic
pollution. Kyiv region is one of the most contaminated in Ukraine. 443 industrial plants are the sources
of air pollution in Kyiv region. Among areas of region the most polluters are in Obuchiv district, amount
of its industrial discharges arranges from 83000 ton per year. Among them the strongest polluter is
Tripillya Tripillya Thermal Power Plant (TPP) – over 21000 ton per year. It forms 84% of all discharges
in atmosphere by industrial plants in Kyiv region. As the result, preserving natural ecosystems, their
biodiversity and productivity is very important (Saldiva P.H.N., Bohm G.M., 2002; Flora SJS, Mittal M.,
Mehta A., 2008).
It is topical to clarify specific mechanisms of influence of a large plant (e.g. Thermal Power Plant) that
is situated in dense populated region in the environment. Small mammals are the most convenient
objects for such investigations as long as they are animals that inhabit transformed ecosystems
directly near with human. Via short life cycle forest rodents have time to reflect the impact of
environment on their organism. It is known that the activation of lipid peroxidation processes in cellular
membranes is the reflection toxic heavy metals’ impact [Sander C.S., Hong C., 2005]. Liver is most
important organ of detoxication. The goal of the research is definition of basic morphologicalphysiological, anatomic-physiological and biochemical indicators in an organism of yellow-necked
mouse and bank vole under conditions of anthropogenic pollution by heavy metals in ecosystem of
hornbeam forest. Three regions with different degree of contamination were chosen for comparative
analysis: Kaniv Nature Reserve (Cherkassy region, Ukraine); National Nature Park «Holosiivsky»
(Kyiv, Ukraine); the district of influence Tripillya TPP (Kyiv region, Ukraine). For characterize degree of
contamination of these territories was studied the content of heavy metals in the core components of
the ecosystem of hornbeam forest – soil, forest laying and green phytomass of species-edificators
(Carpinus betulus L., 1753). Researches were conducted on nature populations of yellow-necked
mouse (Apodemus flavicollis Melchior, 1834) and bank vole (Myodes glareolus Schreber, 1780), on
territories with different level of anthropogenic pollution. Environment of this species closely concerned
with soil bedding. Therefore these species may be used as a biomonitors of man-caused pollution of
environment.
The heavy metals content in upper soil stratum of 5 cm and in liver were determined by flame atomicabsorption spectrophotometer C115-M1 (SELMICHROM, Ukraine) with heavy hydrogen corrector of
the background and computer complex CAS-120. The content of acid-soluble metals and their
exchange fraction in soil was analyzed by extraction with acetate-ammonium buffer (pH 4.8; molarity –
1.1 mol/L) according to standard methods (Singh S.P., Ma L.Q., Harris W.G., 2001). The content of
metals in the samples was estimated in mg per kg of masses of air dried recoveries. Research of
content of heavy metals (Pb, Cd, Cr, Ni, Co) in soil samples displays the significant differences of
selected regions under exchange fraction (table 1). Analysis of contamination of exchange fraction of
heavy metals (Pb, Cd, Cr, Ni and Co) in the upper 10 cm soil layer shows that concentration of heavy
metals in the impact area of Trypillya TPP is considerably higher (up to 3-8 times, р<0,05) exceeds
levels that were typical for the area of Kaniv Nature Reserve. Soil of National Nature Park
«Holosiivsky» characterized by rather increased content of active form of investigated heavy metals
especially Pb, in comparison with the similar content on territory of Kaniv Nature Reserve.
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Table 1. Content of exchange fraction of heavy metals in samples of upper soil level in investigated territories
Content of metals, mg/kg
Territory of investigation
Kaniv Nature Reserve (Cherkassy
region, Ukraine)
National Nature Park «Holosiivsky»
(Kyiv, Ukraine)
Region of impact of Tripillya TPP (Kyiv
region, Ukraine)

Pb

Cd

Cr

Ni

Co

Me

SDMe

Me

SDMe

Me

SDMe

Me

SDMe

Me

SDMe

< 0,19

–

< 0,002

–

0,07

0,03

0,08

0,07

0,05

0,04

0,27

0,09

< 0,003

–

0,12

0,02

0,10

0,06

0,11

0,06

0,34

0,05

0,03

0,00

0,17

0,14

0,30

0,05

0,25

0,01

Differences of soil in researched regions under content of acid-soluble fraction of heavy metals were found
statistical insignificant and were corresponded to value of regional clarke typical for forest-steppe zone of Ukraine.
Excess of normative indexes of boundary permissible concentrations for arable soil have not found. But the
exchange fraction of heavy metals showed that its content in Kaniv Nature Reserve is the least. Increase of
content of exchange fraction of heavy metals in soils at National Nature Park «Holosiivsky» and the district of
influence Tripillya TPP probably was conditioned by processes of atmospheric contaminants transportation and
falling out (the presence of big city nearby with National Nature Park «Holosiivsky» and powerful Tripillya TPP). It
will be showed that in every case the exceeding of normative indexes of boundary permissible concentrations of
heavy metals for arable soils was not determined. It may understand by existing environmental standards as a
satisfactory ecological situation in all investigated territories.
The same results of soils pollution by heavy metals at territories adjacent to Tripillya TPP were obtained by other
researchers. Estimation is showing that thanks to irregular dispersion of smoke fumes discharges of station 26,3–
36,0 ton per km2 of man-caused dust is falling out in South-East direction annually. Because of it soils are
enriching by compounds of Cd, Pb, Cr. Thus it may be contend that region around Tripillya TPP under content of
heavy metals (Pb, Cd, Cr, Ni, Co) is a man-caused contaminated territory. Territory of National Nature Park
«Holosiivsky» characterized by rather increased content of active form of investigated heavy metals especially Pb.
Content of heavy metals (except Ni) in forest laying under condition of Tripillya TPP is considerably higher (up to
2-5 times, р<0,05), in comparison with Kaniv Nature Reserve. Increase of the content of the investigated heavy
metals in green phytomass of species-edificators (C.betulus) of hornbeam forest in region of impact of Tripillya
TPP, in comparison with Kaniv Nature Reserve, has been determined.
Seasonal dynamics of morphological-physiological and anatomic-physiological indexes of the individuals (males
and females) rodents has been revealed. It is established that for the population of the yellow-necked mouse and
bank vole, which lives in the reserved territory, the decrease in the relative sizes of livеr, kidneys and spleen is
common. At the same time fatness increases comparatively to animals spreading under pollution conditions. The
registered morphological-physiological and anatomic- physiological differences in autumn testify about presence
of generalized changes in an organism of the animals as a result of processes of metabolism intensification with
exhausting features.
Biochemical changes in organism are one of the most accurate indexes of direct impact of heavy metals. The
products of lipid peroxidation in homogenate of bank vole’s liver from natural populations were analyzed for
presence of biochemical indexes’ changes. Analysis of lipid peroxidation content products in voles’ organism from
investigated territories showed considerable differences. Increase of the concentration of diene conjugates (up to
7-10 times) and thiobarbituric acid (TBA) active compounds (up to 2-3 times) in animal’s liver polluted by heavy
metals have been discovered. Insignificant increasing of content of Schiff basis in liver homogenate of animals in
region of impact of Tripillya TPP (in 2 times in spring and in summer, in autumn – in 3 times) was detected.
Seasonal dynamics of the maintenance of lipid peroxidation has been revealed. The registered changes of
biochemical indicators can be an indicator of ecological-biochemical stress in an organism of the rodents in the
district of influence of Tripillya TPP.
Thus exceeding the levels of maximum permissible concentrations for soil was not detected in investigated
territories but biochemical features of disturbance in organism of yellow-necked mouse and bank vole from the
natural populations were observed. Conformity of chemical composition of soils to the maximum permissible
concentrations was not conforms to condition of prosperity of animal organism existence of which was concerned
with paedosphere. Therefore it may conclude about absolute content of heavy metals in soil is not a marker of
ecological conditions of environment. The registered changes of biochemical indicators can be an indicator of
ecological-biochemical stress in an organism of the bank vole in the district of influence of Tripillya TPP.
Obtained results allow concluding that higher concentration of heavy metals in soil, forest laying, in green
phytomass of species-edificators (C.betulus) and yellow-necked mouse, bank vole of hornbeam forest, in
comparison with Kaniv Nature Reserve, indicate intensive technogenic pollution in the impact area of the Trypillya
TPP. Increased content of some heavy metals in the key components of the region of National Nature Park
«Holosiivsky» shows that the ecosystem is polluted. Thus, it can be argued that there is a consistent increase in
harmful pollutants in key ecosystem components hornbeam groves Middle Dnieper in series: Kaniv Nature
Reserve => National Nature Park «Holosiivsky» => the district of influence Tripillya TPP.
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PHOTOBACTERIUM PHOSPHOREUM COLONY
GROWTH AND DEVELOPMENT AFTER ULTRAHIGH
FREQUENCY ELECTROMAGNETIC RADIATION
Zelena L.B., Gretsky I.A., Gromozova E.N.
Zabolotny Institute of Microbiology and Virology, National Academy of Sciences of
Ukraine, Kyiv, Ukraine.
e-mail: zelenalyubov@hotmail.com
PURPOSE: Bacterial colonies are self-organized structures that display bacterial capacities for
multicellular coordination which can be useful in nature where bacteria predominantly grow as
films, chains, mats and colonies (1). Different methods and procedures have been applied to
analyze bacterial colony structure and development (2, 3). It has been postulated that colonies
are organized into differentiated non-clonal cell groups that undergo complex and complicated
morphogenesis (1).
It is known that various biotic and abiotic factors can affect the bacterial growth and development
(4, 5). Today one of the most intensively studied factors is electromagnetic radiation that
influences every aspect of living organisms. The aim of the present study was to research
Photobacterium phosphoreum colony growth and development processes after influence of
ultrahigh frequency electromagnetic radiation (UHF EMR). To this purpose we have performed
analyses of some bacterial colony morphological features and luxb gene expression that encodes
β–subunit of luciferase enzyme in two colony cell zones.
METHODS: The luminous bacterium P. phosphoreum isolated from Squalus acanthias (the Black
sea) was used in our research. Bacteria were grown for 8 hours at 22oC in liquid media as
described in (6).
As a source of electromagnetic radiation microwave therapy apparatus “Ray-11” was applied. 24
hour-old bacterial cells were subjected to a single exposure at wavelength of 12.5 cm
(corresponding to a frequency of 2.45 GHz) and power of 15 W during 5 and 15 min and then
placed onto agar medium.
The dynamics of bacteria colony growth was estimated according to (7).
The luxb gene expression analysis was performed with qRT-PCR using SYBR Green dye.
Differences between expression levels were calculated with 2-ΔΔCt method (8).
RESULTS: Analysis of bacterial growth dynamics showed non-linear increasing of colony size during
14 days of cultivation. There were detected differences of colony area and radial growth rate
indexes between control and irradiated bacteria: the larger values were revealed in treated
bacteria (table 1).
Two distinguishing cell zones were observed in bacterial colonies after 7 days of cultivation: the
central darker region and emitting light outer layer. Such separation was defined in both control
and exposed bacterial colonies. The percentage of outer zone area measured on 14th day of
cultivation was slight differ between non-irradiated and irradiated colonies (table 1).
Table 1. P. phosphoreum colony radial growth rate (Kr,) and colony area (S - general, So – area of outer zone) after
exposure to UHF EMR. Data are presented as a mean value ± standard error (n = 30)
Kr, mm/day
Sample
Control
UHF EMR, 5min
UHF EMR, 15min

Colony area, mm

2
th

st

th

th

th

1 – 7 day

1 day

7 day

0.178±0.011
0.217±0.021
0.192±0.025

2.58±0.19
2.96±0.38
2.86±0.29

14.64±1.13
19.43±2.22
17.01±2.22
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S
21.80±1.94
31.83±2.44
26.78±2.43

14 day
So
12.44±0.90
16.16±1.56
14.29±0.88

So, %
57.04
50.77
53.37

It should be noted that luminescence of P. phosphoreum colonies was increasing during seven days of
cultivation as well as the colony area. It is consistent with the statement about density-dependent nature of
luminescence. Exposure to UHF EMR intensified bacterial luminescence (irradiation for 5 min) or reduced it
(irradiation for 15 min).
As a result of luxb gene expression analysis changes of mRNA level were detected when bacteria were
exposed to UHF EMR and during 14 days of colony development. The increasing of luxb transcriptional
activity by 8- and 12-fold was revealed after treatment with electromagnetic irradiation by power of 15 W with
a frequency of 2.45 GHz at 5 and 15 min, respectively.
During the cultivation period samples of colony central and outer zones were taken for analysis. Comparative
analysis showed decreasing of luxb activity during colony development in control and irradiated bacteria and
differences between two cell layers were defined. Reducing of luxb mRNA level by 7th day was detected in
control and exposed by power of 15 W with a frequency of 2.45 GHz at 15 min bacteria and in control
samples decreasing was more essential than in irradiated ones. No significant change of gene activity in
colonies irradiated by power of 15 W with a frequency of 2.45 GHz at 5 min was observed on 7th day. By 14th
day expression of gene encoding β–subunit of luciferase enzyme in control and affected EMR colonies
reduced or was absent. The most dramatic change was revealed after exposure to UHF EMR for 15 min and
the least change was detected after exposure to UHF EMR for 5 min. Gene expression in cells from two
colony zones differed too: luxb level in outer layer was higher than in central part in all colonies of various
ages. The most distinct differences between two colony regions were observed in 14-days colonies when
this index reached up to 50 times. Therefore, on the basis of luxb gene expression analysis irradiation of
luminous bacteria to UHF EMR led to slowing colony functional partition into two zones although differences
between cell layers depended on exposure duration.
CONCLUSIONS: Thus, results of the present study suggest that UHF EMR affected P. phosphoreum colony
growth and development processes.
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MORPHOLOGY OF MITOCHONDRIA PEA SEEDLING
IN CONDITIONS OF INSUFFICIEN MOISTERING WITH
MODERATE COOLING AND PROCESSING OF SEEDS
BY MELAPHEN
Zhigacheva I.V., Binyukov V.I., Mil’ E.M.
Emanuel Institute of Biochemical Physics, Russian Academy of Sciences,
Moscow, Russia
e-mail: zhigacheva@mail.ru
In the nature the plant is exposed to influence at once several factors of environment. The study
of metabolic conversion in the plant cell at the combined action of several abiotic factors is actual
in particular the combined effects of insufficient moisture and moderate cooling. Energy
metabolism plays an important role in the adaptive response organism. In this case, the
mitochondria play a key role in the energetic, redox and metabolic processes in the cell [1]. In
particular, it was found that the ambient temperature changes lead to changes in the lipid
composition of mitochondrial membranes. At the same time there is a change in the number and
degree of saturation of free fatty acids, which is probably a sign of the stress factor [2]. Increase
the amount of free fatty acids (FFA) changes the redox state of the inner mitochondrial
membrane. Depending on the redox state of the mitochondrial respiratory chain expression
changes of stress genes. Under the effect of extreme temperatures, excessive salt or lack of
moisture in some degree increased ROS. Thus mitochondria are extremely functional-dependent
organelles.
Mitochondria in animal cells and yeast combined in a branched network, called the "mitochondrial
reticulum" [3].At the same time, mitochondria at higher plant are single and have either spherical
or cylindrical form [4]. Under stress conditions (heat shock, anoxia, UV irradiation, or exposure to
strong oxidants), mitochondria aggregate to form tight clusters located near the chloroplast or in
other areas of the cytosol. The formation of “giant mitochondria” is accompanied by an increased
generation of reactive oxygen species (ROS) by these organelles, which is prevented by
antioxidants [5, 6]. The standard procedure of isolation of mitochondria in a sucrose solution
leads to complete destruction of intermitochondrial contacts. For this reason, mitochondria are
represented in separate vesicles 0.86–1.18 μm in diameter and 0.3–0.4 μm in height. The
morphology of isolated mitochondria possibly reflects their functional state [7]. In our study we
examined the combined effect of moisture deficiency, moderate cooling to 10-14 ° C, and pea
seed treatment by growth regulator melaphen (melamine salt of bis(hydroxymethyl)phosphinic
аcid) on the intensity of lipid peroxidation (LPO) and the atomic force microscopy (AFM) images
of mitochondria isolated from five day old pea (Pisum sativum) seedlings.
AFM images of the mitochondria of pea seedlings have undergone two-day effects of insufficient
moisture and moderate cooling, significantly changed and differed from controls. Figures 1a and
1b is a perspective view of images AFM mitochondria from pea seedlings in the control (similar
types of mitochondria were found under the influence of cold-melaphen-drought (Fig. 1a) and the
action of cold-drought Fig1b).
Observed an increase in height, area and volume of a series of the image mitochondria, and the
number of dividing mitochondria significantly decrease. Statistical analysis of the length and the
amount of pre-fixed, with glutaraldehyde mitochondria indicates the appearance of single, not
divisible mitochondria with greater volume and length of seedlings in the group exposed to the
stresses in comparison with the control group. Similar results were reported by Logan and Scott,
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who treated Arabidopsis thaliana leaves with methylviologen [4]. The comparison of published data and the
results of this experiment allowed us to assume that the combination of moderate cooling and moisture
deficit probably leads to an increase in ROS generation and subsequent swelling of mitochondria in the cells
of pea seedlings [8]. Indeed, simultaneous cooling and moisture deficit led to LPO activation in the
mitochondrial membranes in pea seedlings (Fig. 2).

Fig 1a

Fig 1b

Fig. 1 - AFM image of mitochondria from pea seedlings in the control (a), and when exposed to cold drought (b)

Fig. 2. Fluorescence spectra of LPO products in mitochondrial membranes of 5-day pea seedlings under condition of insufficient
watering (IW) and the treatment of seeds with melaphen (IW+MF).

The fluorescence intensity of LPO products increased 3 and 2.5 times, respectively. Treatment of seeds by
2 x 10-12M solution of melaphen prevented the changes in morphology of mitochondria. Size and shape of
mitochondria approaching to the control. In this reduced the content of LPO products in mitochondrial
membranes: the fluorescence intensity of LPO products decreased almost to the control level. This was
accompanied by an increase in the number of mitochondria dividers, dividing mitochondria were similar to
that observed in control. It can be assumed that the protective effect of the drug is due to its antioxidant
properties [4]. It has quite a high coefficient of interaction with peroxyl radicals (k7 = 1.64х106(Мс)-1 ).
Reduction in the intensity of free-radical processes leads to the prevention of LPO activation and contributes
to maintaining mitochondrial morphology.
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ROLE OF THE BOG MOSS COVERING IN LIVE
OF THE ANT LEPTOTHORAX ACERVORUM
(HYMENOPTERA, FORMICIDAE) IN MOUNTAIN
SUBARCTIC OF NE ASIA
Zhigulskaya Z.A.
Institute of Biological problems of the North, Far East Branch, Russian Academy of
Sciences, Magadan, Russia.
e-mail: aborigen@ibpn.ru
PURPOSE: Mosses, including bog moss, are important constituent of communities in sparse forest
belt of mountain Subarctic in NE Asia. They have colossal significance in structure of vegetation
cover being an important factor, determining microclimate conditions of biotopes, including
temperature regime, humidity and illumination.
Specificity of living environment in moss covering in the regions with moderate and mild climate
was shown several times before (1, 2, 3 etc.). An integral part of the everywhere permafrost larch
forests on the studied areas of the Upper Kolyma is sphagnum mosses (4, 5). Sparse and
stunted larch forest almost without any shade, promotes good warming up of the surface moss
layer. Insulating property of the moss layer, preventing leakage of accumulated heat from the
surface to deep horizons, concentrates it in one thin layer of 0-5cm (6, 7).
Uneven relief, being characteristic for waterlogged areas of sphagnum larch forests, has more
warmed up elevated sites, especially slope and top areas, and the least warmed up hollows,
depressions between tussocks and northern slopes (6. Sites with dense sod cover are much
more warmed up keeping the heat. Sites with sparse moss, small shrubs, forbs and sedge have
considerably less warmed up surface layer. All these factors influence the character of
colonization of such habitats by ants, distribution and construction of the nests.
In mountain Subarctic, where accumulated positive temperatures is extremely low (7, 8, 9), the
ants inhabit maximum heat supplied areals (7). Ants are not able to develop in the damp
substrate of mosses under low temperatures. They are induced to seek for habitats with high heat
supply and less humidity. Preference of good warmed up areas from time to time leads to drying
up. Limitation due to absence of moisture does not allow ants using the heat available, thus,
species which are able to adapt to waterlogging and drying up, gain an advantage. So, summer
adaptations of ants are connected with permanent seek for compromise between warm and dry
or damp and cold habitats. Manifestation of any adaptations can be seen first of all in behavior
determining choice of microstations and change in nest building.
Our communication aims at showing the role of moss in choice of possible adaptations of ants to
harsh climatic conditions by the example of L. acervorum, one of the dominant species of NE
Asia.
RESULTS: In Upper Kolyma L. acervorum occurs almost everywhere. It was noted in 36 from 50
studied sites, including 20 sphagnum swamps and sphagnum sparse larch forests (7). This
species avoids only extreme variants of dry, waterlogged and heavily shaded habitats. In majority
of areas without moss covering average number of nests was from 5 to 20 per 100 m2, and in
widely-spread sphagnum open larch forests of valleys and toes of south-oriented slopes their
number reached 40-50. Often number of nests can be 3 per 1 m2 in the areas with sphagnum
tussock. These are maximum values within the whole habitat (7).
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Nests of L. acervorum are located near the moss surface in horizon of 1-5 cm, rarer, up to 10 cm, thus,
conditions of that layer are of great importance. Mapping data (7) of the site with sphagnum larch forest show
all nests to be connected with the most elevated elements of nanorelief – moss tussocks, namely, areas with
dense sod cover.
Moreover, L. acervorum chooses the smallest areas of nanorelief with favorable for the nest summer
microclimatic conditions, despite aggravating conditions of wintering, among very moist and shaded
undesirable for living sites. Minimum temperatures in the nests were 28-32°С. Families survived due to
considerable cold hardiness of the species (7) and to small sizes of the nests. Average family had 50-100
specimens. The largest from 150 examined nests reached 280 specimens. Projection of channels of
excavated nests took only 0.1 – 1 dm2 of the surface.
Almost all nests of L. acervorum are oriented to the south due to their localization on the top or on the south
side of the tussock. Out from 127 recorded on transects nests of L. acervorum 89 nests (70%) were located
on the top parts of microrelief, 34 (27%) on the southern side and just 4 (2-3%) on the eastern and western
sides, each. Nests were absent on the northern sides of the tussocks.
L. acervorum prefer to build their nests in the pulvinated tussocks of moderate dampness out from all
diversity of habitats with moss covering and despite primitiveness of their nest construction. Analysis of nest
construction shows that this species uses a wide variety of constructive methods directed to conditioning,
first of all, of thermal conditions, under conservation of moisture.
Mentioned above location of the nests on the tops of tussocks and south-oriented sides are caused, first of
all, by thermal “benefit”, since south-sided tussocks obtain 10% more heat during the warm season,
comparing to the surface of horizontal sites (7, 8). Thus, moss thickness has considerable vertical
temperature gradients. On sunny days temperatures of the moss surface can reach 32–36°С, while at a
depth of 5 cm it is only 20-25°С, and of 50-60 cm (permafrost mirror) it is 0°С for 24 hours. Temperature
distribution can varies depending on the moss color, density, dampness etc., but its main characteristic is
invariable – the largest gradients are noted for first 10 cm. On the tussock tops both daily maximum and
minimum temperatures are larger, comparing to close-to-surface horizons. Thus, movements of the ants in
the nest in a layer of 0-5cm during the day allow avoiding both overheating during the day-time and low
temperatures during night-time by descending to lower chambers. Accumulated temperatures over 10°С
obtained by such moving specimens can be 16% more for this parameter at a depth of 1cm, and 30-32%
more at a depth of 5cm. Maximum temperatures can be 15-20°С higher, comparing to air temperature, and
st
10-15°С higher, comparing to the 1 cm of soil of even site (6. 7).
However, these differences can be only on sunny days, their percentage in seasonal accumulated warmth is
great, since percentage of sunny days in continental areas of NE Asia is also great. In the upper reaches of
the Yana, Indigirka and Kolyma number of sun light hours is 2000-2100 per one year, which is 100-200
hours less, comparing to the Crimea. In general, the ants obtain approximately 20% of heat more due to nest
orientation and movements in the nests, comparing to moss surface, or 14-15% more of accumulated air
temperature.
CONCLUSION: Thus, L. acervorum in conditions of waterlogged moss covering of mountain Subarctic optimizes
its environment, choosing the most heat-supplied and the least damp locations for nest building (south
orientation, tops of the moss tussocks etc.) and “thermophilic” behavior (daily movements in the nest
depending on optimal temperatures). Enumerated adaptations of L. acervorum allow using advantage of
habitation close to soil surface: early awakening in spring and maximum use of heat resources. All these
factors favor wide distribution and wellbeing of L. acervorum on the north-eastern border of the habitat.
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TЕМПЕРАТУРНІ ВАРІАЦІЇ В РЕПРЕЗЕНТАТИВНИХ
ДІЛЯНКАХ НЕРВОВОЇ СИСТЕМИ У УМОВНО
ЗДОРОВИХ ЛЮДЕЙ
Гончаревський С.О., Галкін М.О., Больман С.Ю., Мартинюк В.С.
ННЦ «Інститут біології» Київського національного університету імені Тараса
Шевченка, Київ, Україна
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АКТУАЛЬНІСТЬ І МЕТА: Всі процеси в організмі людини пов’язані з біоритмами – функціональна
властивість всіх живих систем. З біоритмами пов’язано багато факторів навколишнього
світу: фотоперіодизм, температурний режим, а також земна та космічна погода. Не
дивлячись на добову періодику, у біоритмів складна структура і вони реально представлені
спектром періодів в діапазоні від мікроритмів до багатоденних і багатолітніх ритмів
[6,7].Майже всі процеси в організмі людини так або інакше пов’язані з вегетативною
нервовою системою, функції якої регулюються гіпоталамусом – центральним інтегратором
усіх без винятку обмінних процесів в організмі, який задає ритм всього організму, то цілком
реальним є оцінка функціонального стану лю*дини за температурними характеристиками в
репрезентативних ділянках нервової системи. Місцезнаходження та інформативність цих
точок підтверджені дослідженнями [2,3,5,]. Однак одноразове вимірювання температури в
окремих точках не може бути достатнім для встановлення будь-яких системних змін в
організмі людини. Мета роботи полягала у з’ясувати особливості температурних варіацій
точок у умовно здорових людей віком 20-22 роки. В ході дослідження ставилися наступні
задачі: 1) з’ясувати особливості варіацій температури проекцій ядер таких структур як:
гіпоталамус, довгастий мозок, середній мозок, вароліів міст та блукаючий нерв; 2) виявити
особливості ритмів репрезентативних точок ВНС та їх взаємозв’язок; 3) з’ясувати
індивідуальні особливості температурних варіацій репрезентативних точок.
МЕТОДИ: Температура в презентативних ділянках вимірювали інфрачервоним термометром
фірми Medisana FTO D-53340, з похибкою приладу 0,1 градус Цельсія [4]. Збір даних
почався у 2012 році і закінчився у 2013 і включав декілька етапів збору даних: 1 етап
(приймало участь 2 хлопця) – 19.12.12 – 09.01.13, 2 етап (приймало участь 2 хлопця 2
дівчини) – 04.02.13 – 22.02.13, 3 етап (приймало участь 2 хлопця 1 дівчина) – 04.04.1323.04.13, 4 етап (приймало участь 2 хлопця) – 15.07.13 – 28.07.13, 5 етап (2 хлопця 2
дівчини) – 30.09.13 – 23.10.13, 6 етап (приймало участь 2 хлопця 2 дівчини) – 04.11.13 –
25.11.13. Температура у репрезентативних точах вимірювали кожні 2-3 години протягом
вказаних вище періодів. Вимірювали білатеральні температурні показники барабанної
перетинки, що має спільний басейн кровообігу з гіпоталамусом – центральним органом
нервової регуляції вегетативних функцій організму; білатеральні показники температури
війкового вузла, де представлені парасимпатичні волокна окорухового нерва (ІІІ пара), ядра
яких
знаходяться в середньому мозку; крилепіднебінного вузла, де проходять
парасимпатичні волокна лицьового нерва (VII пара), ядра яких знаходяться у варолієвому
мості; вушного вузла, де представлені парасимпатичні волокна язико-глоткового нерва (IX
пара), ядра якого знаходяться в довгастому мозку та білатеральні температурні показники
блукаючого нерву[1,3]. Аналізували не лише динаміку температури у зазначених
білатеральних ділянках, а й брали до уваги середнє значення температури точок,
максимуми та мінімуми, відхилення, амплітуду, асиметрію(різницю між лівою та правою
стороною). Для аналізу температурних ритмів використовували косінор-аналіз.
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РЕЗУЛЬТАТИ: Показано, що для окремих досліджених ділянок тіла людини є характерним класичний
добовий ритм температури з мінімумом у нічні часи і максимумом у день (рис. 1 А). Такий добовий
ритм в цілому корелює з добовим ходом температури повітря у приміщеннях, в яких проводились
дослідження. Але для вивчених ділянок спостерігаються певні варіації температури відносно добового
ритму (рис. 2 Б).
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Рис. 1. Температурні показники репрезентативної точки гіпоталамусу протягом доби.
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параметрів в значній мірі
залежать від індиві-дуальних властивостей організму. Враховуючи той факт, що температурні
показники в різних ділянках тіла використовують для оцінки і корекції функціонального стану організму
людини (метод КОФУСО), аналіз температурних біоритмів може бути корисним для виявлення різних
видів скритих десинхронозів, що розширює діагностичні можливості метода КОФУСО.
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СТРУКТУРНО-ФУНКЦИОНАЛЬНОЕ
СОСТОЯНИЕ
МЕМБРАН ТРОМБОЦИТОВ ПОД ДЕЙСТВИЕМ
ХОЛОДОВОГО ФАКТОРА
Пухтеева И.В. Латышёнок Е. В.
Международный государственный экологический университет
имени А. Д. Сахарова, Минск, Республика Беларусь
e-mail: puhteeva@mail.ru
Актуальность исследований биологических мембран обуславливается тем, что основные
их функции ─ компартментализация, проницаемость, контактные взаимодействия,
рецепция - являются по своей природе регуляторными. Кооперативность мембран, их
способность к генерализованным структурным переходам лежат в основе переключения
клеточного метаболизма из одного функционального состояния в другое за счет
структурных перестроек в компонентах мембран - липидах и белках (1).
В связи с отсутствием достаточного количества экспериментальных данных в настоящее
время представляется актуальным исследование влияния низких температур на
структурно-функциональное состояние тромбоцитов периферической крови, а также
изучение роли и механизмов окислительного стресса в процессах адаптации организма к
экстремальным условиям.
Целью настоящей работы являлось изучение показателей структурно-функционального
состояния мембран тромбоцитов под действием холодового фактора и выявление
изменений этих показателей после общей криотерапии.
Объектом исследования являлись тромбоциты периферической крови доноров
(спортсмены), подвергшихся воздействию криотерапии. С помощью флуоресцентного
зонда пирен (Sigma) проводили исследование липидной фазы мембраны, а также ее
белковой составляющей (2).
Исследование показателей, характеризующих состояние липидной плазматических
мембран тромбоцитов, позволило установить некоторые различия по отношению к ранее
изученным аналогичным показателям для лимфоцитов и эритроцитов периферической
крови в контроле (табл.).
Табл. Сравнение показателей полярности и микровязкости липидного бислоя плазматических
мембран клеток периферической крови
Тип клеток
Полярность липидного бислоя Микровязкость липидного бислоя
Лимфоциты

0,96 ± 0,02

0,70 ± 0,01

Эритроциты

0,76 ± 0,03

0,94 ± 0,01

Тромбоциты

0,94 ± 0,03

0,42 ± 0,04

Как видно из приведенных в таблице данных, полярность липидного бислоя
плазматических мембран тромбоцитов соответствует аналогичным показателям для
лимфоцитов и примерно на 20% выше, чем для эритроцитов.
Показатели микровязкости липидного бислоя имеют различия в зависимости от вида
клеток, причем самые низкие значения были зарегистрированы для плазматических
мембран тромбоцитов. Эти отличия, по-видимому, связаны с функциональными
особенностями тромбоцитов, в частности со способностью образовывать псевдоподии в
процессе поддержания гемостаза (3).
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В ходе исследования не было выявлено достоверного изменения полярности липидного бислоя
плазматических мембран тромбоцитов после общей криотерапии по сравнению с контролем.
Микровязкость этой области плазматической мембраны после общей криотерапии была достоверно
ниже контрольных значений примерно на 20%.
Исходя из полученных данных, было установлено, что полярность аннулярного липида
плазматических мембран тромбоцитов не имеет достоверных изменений и полярность аннулярного
липида после воздействия общей криотерапии соответствует аналогичным показателям контроля.
Показатели микровязкости аннулярного липида имеют незначительные изменения после воздействия
криотерапии по отношению к контрольной группе.
Согласно данным, полученным в ходе исследования, можно предположить, что механизм адаптации к
сверхнизким температурам связан с изменением структуры и свойств биологических мембран клеток
организма, прежде всего их микровязкости. Этот показатель отражает влияние холодового фактора
на структурно-функциональное состояние липидного компонента мембран.
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ВЛИЯНИЕ МИНЕРАЛЬНЫХ ВОД ИСТОЧНИКОВ
«КИСЛЫЙ» И «ХАР-БУЛУК» РЕСПУБЛИКИ
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ОБОЛОЧКИ ЖЕЛУДКА ПРИ
ЭКСПЕРИМЕНТАЛЬНОМ УЛЬЦЕРОГЕНЕЗЕ БЕЛЫХ
КРЫС
Эльбикова А.А., Бадмаева С.Е., Абушинова Н.Н.
Калмыцкий государственный университет, Республика Калмыкия, Элиста, Россия
e-mail: elbikova@yandex.ru
Современные
экспериментальные
исследования
направлены
на
поиск
полифункциональных препаратов, воздействующих на различные патогенетические
факторы, лежащих в основе язвенной болезни и в наименьшей мере вызывающие
побочные эффекты [1]. Поэтому в настоящее время лечебные минеральные воды
остаются широко распространенными методами использования для профилактики и
лечения язвенной болезни желудка.
В связи с этим целью данной научно-исследовательской работы было изучение влияния
минеральных вод источников «Кислый» и «Хар-Булук» Республики Калмыкия в отношении
желудочных язв при экспериментальном ульцерогенезе у крыс.
Все эксперименты были проведены на белых крысах-самцах массой 200-250 гр. Животные
содержались в стандартных условиях вивария и были разделены на 3 группы: контроль и
две опытные. Животные контрольной группы в течение 10 дней перед вызовом язв в
качестве питья получали обычную водопроводную воду. Крысы групп опыт I и опыт II в
аналогичные сроки получали 0,9% раствор минеральных вод источников «Кислый» и «ХарБулук» соответственно. Язвообразование, которое вызывали перевязкой пилоруса,
проводили по стандартной методике. У крыс, наркотизированных эфиром, вскрывали
брюшную полость и на пилорический отдел желудка накладывали лигатуру. По окончании
операции животных лишали на 3 часа пищи и воды. Эвтаназию животных проводили
эфиром и исследовали состояние слизистой оболочки желудка (СОЖ).
В результате проведенных исследований нами были получены следующие результаты:
средняя площадь повреждений СОЖ при перевязки пилоруса у животных контрольной
группы составила 14,08±2,8 мм2 (n=10), у животных групп опыт I и опыт II, которые в
течение 10 дней перед вызовом язв получали соответствующие растворы лечебных
минеральных вод – 6,43±1,89мм2 (n=10) и 7,92±1,47мм2 (n=10) соответственно. Величина
противоязвенного эффекта для минеральной воды родника «Кислый» составила 54,5%,
для минеральной воды родника «Хар-Булук» – 43,8%. Проведенный статистический анализ
экспериментальных данных (LSD-тест пакета прикладных программ STATISTICA 6.0)
выявил достоверную значимость противоязвенных эффектов минеральных вод – P<0,005 и
P<0,01 для родников «Кислый» и «Хар-Булук» соответственно. Несмотря на разный
химический состав данных минеральных вод, они обе оказались достаточно эффективны,
предотвращая в значительной степени развитие «пилорических язв». Это возможно
говорит о родстве минеральных вод Хар-Булукского и Ремонтненского месторождений в
геологическом плане.
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Влияние минеральных вод Ремонтненского и Хар-Булукского
месторождения на язвообразование при перевязки пилоруса

мм 2

*p<0,005
**p<0,01

**

*

Рис. 1. Влияние 10-ти дневного поения минеральной воды Ремонтненского (опыт 2) и Хар-Булукского (опыт 1) месторождения в
лечебно-столовом разведении на язвообразование при перевязки пилоруса у крыс
Примечание. * - P<0,005 к контролю, ** - Р <0,01 к контролю

Полученные данные позволяют предположить, что изучаемые нами минеральные воды обладают
уникальным солевым составом и проявляют свое протекторное действие, стабилизируя состояние
слизистой оболочки желудка, достоверно снижая степень ульцерогенеза. Таким образом, на данной
модели язвообразования, можно предположить, что минеральные воды Ремонтненского и ХарБулукского месторождений, снижают гиперацидность желудочного сока, связанную с нарушением
эвакуации желудочного содержимого. Можно предположить два пути такого протекторного действия
минеральных вод: первый – за счет нейтрализации соляной кислоты желудочного сока; второй – за
счет блокады секреции обкладочными клетками HCl слизистой оболочки желудка, что согласуется с
литературными данными [2].
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PURPOSE: Climate change impacts on agriculture are being witnessed all over the world, but India
vulnerable in view of large population depending on agriculture. India’s share 20 percent of world’s
rice production. India aimed to produce 130 million tons of rice by 2025 to feed its growing population.
Uttar Pradesh one of the India’s major rice producing state contributes about 21% to the national
production of food grain. Three million hectares area is under submergence ecosystem in the state of
Uttar Pradesh. Bihar,West Bengal, Assam and Odisa. The characteristics of flood soils which are
conducive to high yields are greater availability of nutrients such as phosphorus, iron, manganese,
suppression of weed competition and elimination of moisture stress as a limiting factor and microelement favorable to crop production. Due to water logging the production loss ranges about 30%
depending upon the degree of submergence. The scope of increasing rice area in limited rather a
decreasing trend in total rice area was observed in last decade .The large area under rice cultivation
get affected every year due to water logging may be utilized for enhancing the production.
METHODS: The demonstrations were laid out for testing exhibited yield superiority over the seeds used
by the farmers on flood resistant varieties in an area of 85.12 ha by involving 236 farmers under water
logged ecosystem of four districts (Bahraich, Gorakhpur Kushinagar & Maharajgaj) during 2012. The
crop was transplanted in mid to end June 2012 and harvesting was done during November 2012 on
sandy loam, clay loam and alluvial soils. During last three years flood occurrence was 3-4 times and
water stagnation was 60-105 cm for more than 15 days. During current year (2012-13) flood
occurrence was 3 times, depth of water stagnation was 60-90 cm for 8-12 days and rainfall received
637 mm with humidity of 66-81%. Partial flood did not disturbed photosynthetic activities and
temperature ranges between 22.1-31.6 0C for 15 days during flowering stage.
RESULTS: Variety MTU 7029 resulted highest yield of 64.25 q/ha followed by variety swarna sub-1 in
district Behraich (50.20 q/ha) and same variety in district Gorakhpur resulted yield of (49.00 q/ha).
These yield variation were due to the stagnation of water for 10-20 days. Whereas, variety BPT-5204
provided yield of 35.00 q/ha in Kushinagar district at river side where water stagnation was for longer
period. (Table-1). Demonstration average yield of 49.61q/ha was obtained in different locations. The
yield gap of 11.95 q/ha was obtained over local check. The local varieties and practices given yield
between 31.0 to 45.2 q/ha in different districts. Whereas, the demonstrated cultivars given yield of 35
to 64.25 q/ha. Average yield incease was recorded 31.73%. The net return was obtained
24515 to
36188 under demonstrated situations with
BCR of 2.26 to 2.67 whereas, the local check resulted net return
14130 to 26576 with BCR of 1.67
to 2.08 in different districts, similar findings given by Singh, et.al. (2012).
CONCLUSION: It is found that demonstrations resulted additional yield of 11.95 q/ha in semi deep water
logged ecosystem as compared to local technologies. The economic gain was 31497/ha with BCR
of 2.43 as compared to check.
REFERENCES:
A. Singh, A. K. Singh and L. Singh 2012.Effect of technological interventions on rice yield at farmer’s field. Indian Res. J.
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GRAVITROPIC REACTION AND ITS ADAPTATION
UNDER MUTIAL ACTION OF STATIC MAGNETIC AND
ALTERNATIVE ELECTRIC FIELD OF DIFFERENT
DIRECTIONS
Bogatina1 N.I., Sheykina2 N.V.
1 B. Verkin Institute for Low Temperature Physics & Engineering of National Academy of
Sciences of Ukraine, Kharkov, Ukraine
e-mail: n_bogatina@rambler.ru
2 National University of Pharmacy, Kharkov, Ukraine
e-mail: sheykina@ukr.net
PURPOSE: We showed before that the gravitropic reaction and its adapation depended essentially
on the mutual orientation of static and alternative magnetic field and the roots orientation
relatively these fields [1-3] In the work we change the alternative magnetic field by the electric
field of the same frequency..
METHODS: We investigated the following variants.
1. Static magnetic field was directed parallel to the gravity force, alternative electric field was
directed perpendicular to it. The roots were directed perpendicular to both fields.
2. Static magnetic field was directed parallel to the gravity force, alternative electric field was
directed perpendicular to it. The roots were directed parallel to electric field.
3. Static magnetic field was directed perpendicular to the gravity force, alternative electric field
was directed parallel to it. The roots were directed perpendicular to both fields.
4. Static magnetic field was directed perpendicular to the gravity force, alternative electric field
was directed parallel to it. The roots were directed parallel to magnetic field.
5. Both static magnetic and alternative electric field were directed parallel to the gravity force.
The roots were directed perpendicular to both fields.
6. Both static magnetic and alternative electric field were directed perpendicular to the gravity
force. The roots were directed perpendicular to both fields.
Both static magnetic and alternative electric field were directed perpendicular to the gravity force.
The roots were directed parallel to both fields.
RESULTS: In the second, fifth and sixth cases we observed the essential inhibition of gravitropic
reaction. Its speed decreased by 10 times.
The effect was observed only for frequencies of alternative electric field tuned to the cyclotron
frequency of calcium ions. The effect also depended on the amplitude of alternative electric field.
The results were discussed by using the theory of membrane breathing {1]. The adaptation of
gravitropic reaction in all these cases was investigated.
REFERENCES:
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MECHANISMS OF PLANTS ADAPTIVE SYSTEMS
REGULATION BY SALICYLIC AND JASMONIC ACIDS
Kalachova T.A., Iakovenko O.M., Kravets V.S.
Institute of Bioorganic Chemistry and Petrochemistry National Academy of Science of
Ukraine, Kiev,Ukraine
e-mail: kalachova@bpci.kiev.ua
Survival in the constantly changing environment demands of the plant’s ability to rapid
metabolism changes. A number of adaptive processes are induced by salicylic acid and jasmonic
acid. In current research we investigated the molecular mechanisms of hormonal regulation of
biologically active substances content with antioxidant potential (tocopherol and flavonoids) and
their involvement in the protective responses. We used transgenic Arabidopsis npr1 plants
defective in signal transduction factor responsive for salicylic acid and vtc1 - plants defective of
the ascorbic acid synthesis enzyme. We showed the involvement of NPR1-mediated signaling
pathway and ascorbic acid enzymatic synthesis in the regulation of lipophilic antioxidants balance
(phenolic compounds and flavonoids) after salicylic and jasmonic acid treatment.
The vtc1 plants at the initial stages of attack by P. syringae pv tomato showed hypersensitive
reaction, which was accompanied by a sharp increase of superoxide radical level and further
accumulation of antioxidant compounds. The involvement of NPR1-dependent salicylic acid
signaling pathway to the regulation of the tocopherols content in plant tissues was shown. We
also predicted and proved the role of flavonoids in maintaining a balance between
hypersensitivity and the systemic acquired resistance development in response to biotic factors
and the stress associated phytohormones effect. It was also revealed a key role of NPR1 in the
regulation of Arabidopsis seed germination under biotic stress conditions. Adding non-toxic
concentrations of salicylic and jasmonic acid inhibited seed germination and early morphogenesis
in wild-type, npr1 and vtc1 Arabidopsis. The maximum depressing effect of phytohormones on
hypocotyl elongation and leaf formation in seedlings has been shown for npr1 plants. However,
the additional treatment of quercetin to the salicylic acid containing medium restored the normal
germination and growth up to the control level. So, the accumulation of secondary metabolites
with antioxidant properties, especially flavonoids, can act as one of the key mechanisms of
regulation of plant adaptation by salicylic and jasmonic acids.
This work was supported by grants NAS Ukraine 2.1.10.32, and № 8-14.
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IMPACT OF CHRONIC SOCIAL STRESS ON THE
EXPRESSION OF IMMUNE PROTEASOME SUBUNITS
LMP2 IN THE INTESTINE
Kamyshny A.M., Topol I.A.
Zaporozhye State Medical University, Department of Microbiology, Virology and
Immunology,
Zaporyzhya, Ukraine
e-mail: alexkamyshny@yandex.ru; innatopol@yandex.ua
Dysregulation of the immunoproteasome has been associated with various clinical disorders,
including cancer, autoimmune disease, neurodegenerative disease, heart disease and infection
(1). The immunoproteasome can regulate both the innate and adaptive immune responses, and
maintain cellular protein homeostasis, which may be beneficial to the cells under infection, aging
or oxidative stress (2). The immune proteasomes are present both in lymphoid and non-lymphoid
organs of adult animals, where they play different roles connected with the T cell-mediated
immune response (3). It was spent identification of Lmp2-immunopositive cells by using
immunfluorescent test with using monoclonal antibodies to Lmp2 in serial histological sections of
Peyer's patches (PP) in rats exposed to chronic social stress (CSS). Researchers have been
conducted on 45 rats (female) of Wistar line, which were divided on 3 experimental groups:
control rats (group 1); rats, which were modeled CSS1 by means of three weeks social isolation
and prolong psychoemotional influence (group2); rats, which having CSS 2 modeling by means of
keeping animals in over populated cages with every day change of grouping (group 3). The
lymphoid follicles (Lfs) and subepithelial zone (PP subep) of Peyer's patches (PP) and
lymphocyte-filled villi (LFV) were studied. It was found that in experimental animals subjected to
chronic social stress changes, which were observed in the number of Lmp2-immunopositive cells
and concentration in these Lmp2 in morphofunctional zones of PP (Fig). The proteasome
dysfunction is both tissue and developmental stage specific and likely contributes to disease
pathogenesis and tissue targeting.
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INSECT PESTS OF IMPORTANT FRUIT CROPS IN
NORTH EASTERN HILLS (NEH) REGION OF INDIA‐
CONTROL TACTICS FOR BETTER IMPROVED
PRODUCTION
Lallan Ram, Meribeni Shitiri
Central Institute of Horticulture, Department of Agriculture and Cooperation, Ministry of
Agriculture, Government of India, Medziphema: Dimapur Nagaland- 797 106, India
email : lallanram09@ gmail.com; cihnerdir@gmail.com
The North east region of India is a mega biodiversity hotspot comprising of the Eastern
Himalayan foothills and Indo-Burma regions. The North Eastern Hill region including Sikkim is
endowed with rich repository of biological diversity, valuable genetic resources of agricultural
crops and plethora of natural resources. The concept of the Integrated Pest Management or IPM,
as it is commonly known, naturally fits well into the plan for strengthening the agricultural system
in the NEH without compromising on sustainability and ecological diversity. Integrated Pest
Management (IPM), is abroad-based approach that integrates a range of practices for economic
control of pests and suppresses pest populations below the economic injury level. India is the
second largest producer of fruits in the world, just behind China. The area under fruit cultivation in
2011-12 was 6.704 million hectares with a total production of 76.4 million tonnes. Around 250
species of insects are reported in citrus ecosystem, out of these 42 species are more common in
NER. Among these, the trunk borer is the major pest of citrus in the region. Citrus psylla, and
black aphids are found causing citrus greening and citrus tristeza, respectively in lower and mid
hills of the region. In severe infestation, dropping of immature fruits is commonly seen. India
ranks first among banana producing countries in the world with a production of 29.7 million
tonnes from an area of 830 thousand ha. Major reason assigned for declined productivity was the
severe loss caused by one disease i.e. the sigatoka leaf spot that caused severe decline in
productivity of banana. Mango, referred to as the ‘King of fruits’ is the most important
commercially grown fruit in India and ranks first among mango producing countries accounting for
50 percent of the world’s production. India has the richest collection of mango cultivars. Major
insect pests of mango in the region are Mango hopper, Stem borer, Fruit fly. The Passion fruit
(Passiflora sp.) has about 400 species out of which two species viz., ‘Purple’ (Passiflora edulis
Sims.) and ‘Yellow’ (Passiflora edulis var flavicarpa Denger) are the basis for entire passion fruit
juice industries. Passion fruit stands out not only for its exotic and unique flavor and aroma but
also for its amazing nutritional and medicinal properties. The major insect pests of passion fruit
are fruit fly, Aphids and mealy bug, which indicated that IPM can play important role to combat for
tackling such problems adopting through integrated approach for sustainable horticultural
production in the North East Region of India.
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BUMBLEBEES COMMUNITIES IN ANTHROPOGENIC
BIOTOPES OF FENNOSCANDIA
Potapov G.S., Vlasova A.A.
Institute of Ecological Problems of the North, Arkhangelsk, Russia.
e-mail: grigorij-potapov@yandex.ru
Bumblebees (Hymenoptera: Apidae, Bombus Latr.) are the most important pollinators of
entomophilous plants in natural and agricultural landscapes. If published materials for the
European Union show rapid degradation of bumblebees’ communities owing to intensive
agriculture, the research for the European North of Russia will allow to us to track a completely
different version of the situation. In this region have been began a sharp decline of agriculture
since the 1990s and development of natural successional processes on agricultural territories.
Agro-ecosystems, previously occupied large areas, are being overgrown by shrubs and
deciduous trees. We can identify patterns of changes in species composition of bumblebees
during the succession from agricultural biotopes to native ecosystems of the taiga zone.
The aim of this work was the study of bumblebees’ assemblages along a gradient of
anthropogenic changes of habitats within the taiga zone of Fennoscandia.
Our research shows that anthropogenic habitats within the taiga zone is enriched by bumblebees
species of southern origin, which are absent in native habitats of taiga. Species richness in
anthropogenic meadows has a maximum level for the European North. However, bumblebees’
communities under intense anthropogenic impact are characterized by low species richness and
the predominance of 1–2 species. This is corresponding to the model of extreme environments.
In contrast to anthropogenic meadows, in the majority of cases the native habitats of taiga have
only a few individuals of bumblebees. These species are typical for the taiga zone: B. pascuorum,
B. hypnorum, B. pratorum, B. jonellus, B. cingulatus and B. lucorum. Low species abundance is
due to poor forage base of entomophilous plants during the summer season in native habitats of
taiga. There are usually present only members of the Ericaceae.
In the process of succession from agro-ecosystems to native communities of the taiga zone is
being increased the level of species richness within bumblebees’ assemblages. In the zonal
climax communities the number of species and abundance of bumblebees is being become
negligible.
ACKNOWLEDGEMENTS: This research was supported by grants from the President of Russia MD6465.2014.5; RFBR (grant № 14-04-31044); the Ural Branch of RAS (grants № 14-5-NP-71, 12P-5-1014, 12-U-5-1022, 12-М-45-2062, 12-5-7-009); the governmental program «Templan of
Universities» № 546152011 and the Ministry of Education and Science of the Russian
Federation.
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ANTIOXIDANT AND ANTIDEPRESSANT ACTIVITY OF
OXALIS CORNICULATA L.:
AN EXPERIMENTAL STUDY
Sneha Singh1 & Ch.v. Rao2
National Botanical Research Institute (CSIR), Lucknow-208 002, India
e-mail: ssneha104@gmail.com
The plant oxalis corniculata belongs to family Oxilidacea is sub-tropical plant being native of India
known as creeping wood sorrel. Medicinal effect like dysentery, fever, wound, healing property
contains flavanoids. The human central nervous system is an extremely complex structure having
more than 12 billion news cells. Together with the endocrine system. It coordinates of regulates
the functioning of all body organs. Depression is characterized by symptom like sad mood, loss of
interest, pleasure, low energy, worthlessness psychomotor retardation, change appetite and
sleep, suicidal thought etc. Drug of plant origin are popular because of conventional medicine can
be inefficient abusine flavanoids has diverse effect on improvement of mood protection of deficits
and CNS disorder major role in stress induced disorders and antioxidant activity.
Oxalis corniculata L. has been referred in Indian traditional medicine system (Ayurveda) for
treatment of various diseases. The objective of this present research work was to study ethanolic
extract studied for its antidepressant activity in animal models of depression and antioxidant
activity.
In the present study, the antidepressant effect of EEOC was examined using two behavioural
models, the forced swim test (FST) in rats and tail suspension test (TST) in mice. Locomotors
activity was also assessed in open field test (Actophotometer) and the antioxidant activities of
EEOC were investigated by using DPPH scavenging test and reducing power method.
The test formulations of EEOC significantly reduced immobility time in the FST and TST at
dosages 200mg/kg and 400mg/kg body weight after acute oral treatment. EEOC significantly
reduced immobility time in rFST at dose 400mg/kg. However, it was significant with treatment of
200mg/kg and 400mg/kg in mTST. Acute oral treatment with EEOC significantly reduced
immobility only in mTST at low dose (200mg/kg), Bhattacharya et al (2003), Hemant et al (2011)
and Saha et al (2006) reported similar findings.
Although no change of motor dysfunction was observed with EEOC treated rats at dosage
200mg/kg and 400mg/kg but EEOC treated animals markedly reduced loco motor activity at same
dose level. These results indicate that Oxalis corniculata L. extract might possess an
antidepressant activity in these two behavioral models. The IC50 values of the MEOC and
reference standard ascorbic acid have significant anti oxidant activity and the similar activity was
shown in the other method also.
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The role of nuclear genetic variation causing differences between individuals in phenotypic
characters is well studied. However, the potential effect of variation in the mitochondrial genome
(mtDNA) on phenotypes is often neglected and debates are ongoing about the neutrality or nonneutrality of mtDNA polymorphism. Therefore, we studied the degree to which naturally occurring
variation in mtDNA affects variation in phenotypic traits using Drosophila as a model organism.
We backcrossed 22 different mitochondrial haplotypes from a wild population onto the same
nuclear genetic background for 20 generations. We also used the same process to create 7
introgression control lines, which carried the same mitochondrial haplotype to assess
inefficiencies in our backcrossing process. We selected 10 different phenotypic characters:
desiccation resistance, starvation resistance, resistance to fungal infection, resistance to bacterial
infection, recovery to chill coma, recovery to CO2 anaesthesia, metabolic rate, negative geotaxis,
body weight and wing size. Our results demonstrated clear non-neutrality of mtDNA variation: we
found significantly greater variation between our mitochondrial haplotypes than between our
control lines for five of the phenotypic traits : (desiccation resistance, chill coma recovery, CO2
anaesthesia recovery, body weight and wing size), than between our introgression control lines.
The mother’s curse hypothesis suggests that the maternal inheritance of mtDNA allows mtDNA
alleles with male-specific deleterious effects to accumulate in populations. We used our data to
test this hypothesis by investigating whether there was excess mtDNA-encoded genetic variation
amongst male flies compared to females. There was not. These results challenge the popular
mother’s curse hypothesis: we found that traits, which were strongly influenced by mtDNA
variation, had sizeable genetic variances in both males and females with no evidence of malespecific excess variability.
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EFFECT OF MITOCHONDRIAL GENOME ON THE
PHENOTYPIC VARIATION AND THE EXISTENCE OF
MOTHER’S CURSE IN DROSOPHILA
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Fig. This represents excess mtDNA encoded genetic variation in male mitochondrial haplotypes. The data point here
corresponds to 10 studied physical traits, which are fungal resistance, bacterial resistance, desiccation resistance,
starvation resistance, chill coma recover, recovery from CO2 anaesthesia, metabolic rate, negative geotaxis, body weight
and wing size. Y-axis shows the excess genetic variation for male and x-axis demonstrates the inter-gender genetic
covariance.
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ADAPTIVE STRATEGY IN RELATION TO CHRONIC
RADIATION AT SOME GENARATION OF ASPERGILLUS
VERSICOLOR WITH RADIOADAPTIVE PROPERTIES
Tugay T.I., Tugay A.V.
Zabolotny Institute of Microbiology and Virology of the National Academy of Sciences of
Ukraine, Kyiv, Ukrainе
e-mail: tatyanatugay2@gmail.com
PURPOSE: Current study is metabolism soil microorganisms isolated from zone of alienation and, in
particular, deserves fungi which biomass in soil consist 80 % from the general microbes’ biomass [1].
It has been established that 60 -80% of fungi isolated from soil with capacity of an exposition dose to
500 mR/hour have radioadaptive property (increasing growth under exposure of high doses of
radiation) [2].
One of criteria of an assessment of their biological activity is definition of activity of one of their key
enzymes antioxidant protection - peroxidase, as endocellular and extracellular, which besides can
take part in transformation plant debris in soil and produce additional sources of nutrients for these
fungi.
The aim was to study the dynamics of changes in peroxidase activity in a number of generations of
fungi, constantly exposed to chronic irradiation.
METHODS: Objects of studying were six generations of strains which were under exposure of radiation
which imitating capacity of an exposition dose in an alienation zone in model system made us. These
strains have been isolated earlier from a zone of alienation ChAES and showed radioadaptable
properties and control, isolated from territories with background level of radioactivity.
Results: It is established that changes of peroxsidase activity at the studied strains of Aspergillus
versicolor had wavy character. They were more expressed at strain A. versicolor 99 which was
isolated from is radioactive polluted territories and showed radioadaptive properties in comparison with
a control strain. Increase of peroxidase activity observed in the second and 5th generation of studied
fungi. Most expression increase in peroxidase activity observed in the second generation - increase of
activity made more than an order. Such changes testify to epigenetic nature of adaptation to chronic
ionizing radiation at these microscopic fungi.
Fig. Changes of peroxsidase activity at
the some generation of strains of
Aspergillus
versicolor
wit
radioadaptable properties – 99 and
control - 432
Experiment conditions: K – with out
radiation, O – under exposure of
radiation
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Using a range of biochemical and histochemical studies stomach chambers fetuses, infants and
adults saiga (Saiga tatarica L., 1766), were identified mechanisms of participation of glycogen during
ontogenesis in adaptation to environmental conditions.
Revealed that the glycogen in the cells of the stomach starts saiga already synthesized in the
embryonic stage of development, when the liver, the main target organ of its deposit, it is not yet
detected. Throughout the period there early fetal period his deposition (Fig. 1).
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Fig .1. Dynamics of glycogen accumulation in the rumen saiga during ontogenesis
mg%), in the proventriculus
- 120 days of intrauterine
development ( in the rumen - 5420 mg % , net - 8540 mg % , book - 1430 mg %). By birth
glicogendeposited function in the cells of the stomach is significantly reduced (Fig. 1) . The newborn
calves amount of glycogen in the abomasum is 1200 mg% in the rumen - 1520 mg % , net - 1220 mg
% , book - 2070 mg% in adults saiga - respectively 980 mg % , 1150 mg % , 1310 mg % ,
1430 mg% (1).
Our results show that the cells of the stomach saiga already in embryonic period (earlier than in the
liver) appear glicogensynthesizing and glicogendeposited functions necessary for their development.
With the launch of the glicogeneducation liver function, glycogen in the cells of the stomach does not
disappear, but only changed the dynamics of accumulation, expenditure and localization (1). The
nature of these changes indicates that all cells of the stomach spent glycogen morphological
differentiation mucosal structures and fruit later in differentiation processes after accumulating for
general needs of the fetus. Participation fetal stomach chambers saiga overall carbohydrate
metabolism once again confirms our earlier shown an important role in gastric saiga adaptation to
environmental conditions, are already evident in the uterine period of development.
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PARTICIPATORU MECHANISMS GLYCOGEN DURING
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CORRECTION OF OXIDATIVE STRESS IN THE SALIVARY
GLANDS TISSUES BY MELANIN IN CASE OF PROLONGED
HYPOACIDITY
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PURPOSE: It is known, that long decrease in gastric secretion leads to the development of
hypergastrinemia and to pathological changes in digestion organs (1). Very important there is a
search of ways to correction of these undesirable consequences.
The aim of the study was to prove the feasibility of melanin using for preventionof oxidative stress
development in salivary glands at long omeprasole-induced hypergastrinemia. Biochemical principles
of pharmacological action melanin, one of the natural cells pigments, are discussed. Melanin is
involved into DNA-repair, in the the respiratory chain functioning; it modulates such important systems
of the cellular metabolism as photo- end radioprotectors. Melanin neutralizes the effect of products of
lipid peroxidation and takes part in neurotransmitter processes under numerous pathological
processes damaging functional neuron structures. Experimental data cannot often account for the
mechanisms of melanin action and therefore systematic analysis of all the data published on melanin
pigments is necessary for possible employment of melanins for the pharmacological needs (2). Under
conditions of long omeprazole introduction pathological changes in salivary glands tissues are
appeared: the intensification of free-radical oxidation. Most reactive oxygen species (ROS) in living
organisms are produced as byproducts of many processes. Being highly active, ROS interact with
virtually all cellular components particularly modifying their properties (3).
METHODS: Experiments are executed on 23 rats-males of line Wistar, weight 180-250g. Animals within
28 days entered omeprasole (14 mg/kg of weight) and melanin (5 mg/kg of weight) together and
separately. Development of the hypergastrinemia verified by the maintenance gastrine in blood
plasma of rats (59,0±35,5 pg/ml, in comparison with investigated animals – 170,7±90,7 pg/ml). In the
homogenate of salivary glands defined activity of catalase, superoxide dismutase and the
maintenance of TBA-reactants.
RESULTS: We determined, that activity of catalase under conditions of hypergastrinemia was 1,47 times
(p<0.05) less, than intact rats, and the activity of superoxide dismutase – 1,66 times (p<0.05). Also the
hypergastrinemia led to increase of the maintenance of TBA-reactants 1,39 times (p<0.05).
We determined, that activity of catalase under conditions of hypergastrinemia correction by melanin
was 1,27 times (p<0.05) more, than without correction, and the activity of superoxide dismutase –
1,49 times (p<0.05). Also correction of the hypergastrinemia by melanin led to decrease of the
maintenance of TBA-reactants 1,23 times (p<0.05) in salivary glands.
So, under conditions of long omeprazole introduction pathological changes in salivary glands tissues
oppear: the intensification of free-radical oxidation. Experimental correction by melanin promotes
normalisation of pathological changes in salivary glands of rats during long introduction of proton
pomp inhibitor becouse of free-radical oxidation is oppressed.
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STATE OF GLUTATHIONE SYSTEM OF ANTIOXIDANT
PROTECTION IN RAT HEPATOCYTES AND BRAIN
CELLS DURING CHRONIC ALCOHOL INTOXICATION
Omelchenko Y.O., Gayda L.M., Tymoshenko M.O., Sokur O.V., Ostapchenko L.I.
Taras Shevchenko National University of Kiev, Ukraine
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All over the world, and particularly in Ukraine, alcoholism is characterized by the spread, rejuvenation
and potentially severe consequences [1]. The systematic use of alcohol leads primarily to the
development of alcoholic steatohepatitis (ASH), later to chronic hepatitis (fatty dystrophy with necrosis
of hepatocytes, mesenchymal reaction), and provided further progression - toliver cirrhosis
(irreversible process in the liver with systemic manifestations of alcoholism: encephalopathy,
cardiomyopathy, etc.) [2]. One of the leading factors in the formation of the major metabolic
disarrangement at the cellular level during alcohol intoxication is the development of oxidative stress.
One of the major parts of cell protection from harmful free radicals is the glutathione system which
exhaustion can lead to severe cytotoxic and destructive changes. The aim of the study was to
investigate the change in the activity of glutathione peroxidase (GP) and glutathione transferase( GT)
as well as the level of reduced and oxidized glutathione (GSH, GSSG) in liver cells and brain under
conditions of chronic alcohol intoxication.
The study was conducted on white rats non-inbred (males) weighing 180-200 g. Alcohol addiction of
animals in chronic experiment was formed in a free choice between 40% ethanol solution and water
for 2 months. Alcohol addiction was formed as follows: rats in individual cages were provided with two
small bottles, one containing measuring the amount of water and the other - 40% ethanol solution.
Each day during the month there was a measurementof the amount of consumed alcohol. Rats
whose daily ethanol consumption was 2 ml or more were attributed to the group with strong alcoholic
addiction. The content of GSH, GSSG as well as GR and GT activity in brain cells and liver were
determined by standard methods at 4, 5, 6, 7 and 8 weeks of the described model [3,4,5,6].
Biological role of glutathione is extremely diverse and implemented both by activation of GSHdependent enzyme systems and directly by GSH /GSSG system [7]: protection against reactive
oxygen species, recovery and isomerization of disulfide bonds, the impact on the activity of various
enzymes that support optimal state of biomembranes, implementation of coenzyme
functions,involvement in the metabolism of eicosanoids, functioning as a reserve cysteine,
involvement in the biosynthesis of nucleic acids and metabolism of xenobiotics , raising ofcell
resistance to toxicity and other adverse effects, stimulation of cell proliferation [8]. It is known that liver,
which is the main organ of glutathione synthesis in mammals, provides about 90 % of circulating
glutathione under physiological conditions. Therefore, research of activity of glutathionedependent
enzymes in this organ is particularly crucial for the antioxidant status of hepatocytes.
We have found decreased activity of glutathione peroxidase with a simultaneous increase in the
content of reduced and oxidized glutathione in rat hepatocytes under conditions of alcohol intoxication
(Table 1). Our results relate to the literature, which shows that the content of reduced glutathione
increased in the liver and brain of animals that consumed ethanol for 90 days [9]. Existing data about
impact of ethanol on the activity of liver GP mainly exhibit its inhibitory effect. The level of activity of
GP in the cell depends on the activity of glutathionereductase, that reducesoxidized glutathione.
Coordinated work of glutathione peroxidase and glutathione transferase prevents further progression
of peroxidation reactions, spread of non-enzymatic reactions , accumulation of secondary metabolites
[10]. Therefore, the next enzyme for our study was glutathione transferase. We have determined
decrease of glutathione transferase activity in hepatocytes of rats under conditions of chronic alcohol
intoxication. The most significant decrease of its activity was observed at the 5th week - 68%
compared to control values (Table 1). Investigated decrease of glutathione transferase activity match
to data of some researchers, which may indicate abnormality of the main liver function -
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detoxification [11,12]. Reduce of activity of glutathione transferase can also be a reason for the increase of
glutathione content, that under these conditions is used inefficiently [ 13,14 ].

Weeks
Control
4
5
6
7
8

Table. 1
Activity GP, GT and the content of oxidized and reduced glutathione in liver cells of rats
under chronic alcohol intoxication (M ± m; n = 10)
GT,
GP,
GSH, nmol/mg of GSSG, nmol/mg of
nmolconjugate/minute*mg umolGSH/minute*mg
protein
protein
of protein
of protein
536,78±44,95
1,79±0,12
60,08±2,71
13,20±0,94
203,82±17,01*
0,97±0,09*
79,50±5,55*
28,47±1,32*
171,18±13,75*
1,32±0,09*
100,84±4,09*
36,95±3,18*
173,96±12,08*
1,71±0,15
139,08±8,30*
44,21±1,57*
211,97±19,30*
1,91±0,21
133,41±5,45*
37,75±3,17*
254,92±22,17*
2,17±0,20*
77,87±7,53*
22,83±2,69*

*- p< 0,05 (compared with control group of animals).

Another organ, which physiology varies considerably in chronic exogenous flux of ethanol is the brain.
Inhibition of its protective mechanisms leads to the development of metabolic disorders and promotes the
craving for alcohol. In brain cells when exposed to ethanol GP activity decreased in parallel with rising
content of reduced and oxidized glutathione during all stages of the study (Table 2). Reduced activity of
antioxidant enzymes in the brain may indicate oxidative modification of enzyme proteins by free radicals
generated in the metabolism of ethanol and acetaldehyde.
In the study of glutathione transferase activity in brain cells of rats under conditions of ethanol action, we
have shown its significant reduction during all phases of the study, with a maximum reduction in eight weeks
by 75 % compared with controls (Table 2). The observed decrease in enzyme activity may be associated
with the formation of conjugates that are able to inhibit GT.
Table 2
Activity of GP, GT and the content of oxidized and reduced glutathione in brain cells of rats under conditions of
chronic alcohol intoxication (M ± m; n = 10)
GT,
GP,
GSH,
nmol/mg
of GSSG, nmol/mg of
Weeks
nmolconjugate/minute*mgo umolGSH/minute*
protein
protein
f protein
mg of protein
Control
376,25±22,12
0,56±0,05
20,99±1,82
2,39±0,22
4

244,65±9,79*

0,23±0,02*

23,59±1,64*

1,14±0,11*

5

173,40±14,67*

0,20±0,02*

24,77±2,16

1,94±0,15*

6

158,99±10,03*

0,29±0,01*

32,98±1,44*

3,57±0,14*

7

263,68±22,14*

0,31±0,03*

29,65±3,09*

2,82±0,13*

8

92,48±9,55*

0,38±0,02*

26,46±2,40*

2,17±0,15

*- p< 0,05 (compared with control group of animals).
Changes in the activity of antioxidant defense enzymes and glutathione concentrations under conditions of
alcohol intoxication in the liver and brain of rats indicate derangementsof glutathione homeostasis that may
be involved in both delay and in the initiation and promotion of pathology.
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PURPOSE: Skeletal muscle myopathy is caused by prolonged ethanol misuse and affects between half
and two-thirds of chronic alcohol misusers. Alcohol misusers frequently have difficulties in gait and
various muscle symptoms such as cramps, local pains and reduced muscle mass. These symptoms
are common in alcoholic patients and have previously been ascribed as neuropathological in origin.
However, biochemical lesions occur in alcoholics as a direct consequence of alcohol misuse. Skeletal
muscle alcohol chronic myopathy is characterized by a selective reduction in Type II (fast twitch) fibre
area; Type I (slow twitch) fibres are relatively unaffected [1]. Together with the observation that
alcoholic patients have increased indices of lipid peroxidation, there is evidence suggestive of free
radical (i.e., unpaired electrons or reactive oxygen species) mediated damage in the pathogenesis of
alcohol-induced muscle disease. The alcohol-related degeneration of muscle may be associated with
changes in the interaction between actin and myosin. Among the hypotheses that have been
developed to explain alcohol-related functional changes in proteins, the one most relevant for this
work involves oxidative modification of proteins by reactive oxygen species, resulting in inhibition of
biological functions.
In the present study, we tested the hypothesis that the ethanol-related deterioration of muscle
contractility is due to the changes in the function of actomyosin as a result of oxidative modification.
METHODS: The animals were selected based on their individual propensity to consume ethanol solution,
which was evaluated within two weeks of daily by measuring the consumed volume of 5% solution of
alcohol.The experimental group consisted of rats that being in a free choice, preferred solution of
alcohol from the first days of testing. Following two weeks after testing for experimental animals the
ethanol concentration gradually increased from 5 to 36% (in steps 10%) and did not change in the
future. Chronic alcoholization of animals was carried out 2, 4, 6, and 8 months. Each experimental
group had its own control group that consisted of animals that showed complete rejection of alcohol
consumption and are kept under similar conditions vivarium during the period of the experiment. The
animals used in this study were treated in accordance with the principles and guidelines of University
Council on Animal Care.
Actomyosin was prepared from skeletal muscles using the known Perry’s method [2]. ATP-ase activity
of actomyosin was determined by measuring of inorganic phosphate (Pi). The reaction was started by
the addition of 1 mM ATP and stopped by the addition of an equal volume of cold 20% trichloroacetic
acid. The amount of inorganic phosphate liberated during the 5 min incubation was determined
according to the stanard method. ATP-ase activity was expressed in nmol Pi •min-1•mg-1 of protein.
The level of oxidative damage of actomyosin was determined by the amount of aldehyde and
carbonyl groups in proteins. Statistical analysis results was done in the frames of the Student's t-test.
RESULTS: We measured the ATPase activity of actomyosin complex from different type of muscles.
Distinct skeletal muscles were taken to represent Type I (i.e. soleus) and Type II (i.e. plantaris) fibres.
Comparing the results of the actomyosin ATP-ase activities under chronic alcohol abuse for 2, 4, 6
and 8 months we found a more pronounced impact of alcoholization on the contractile protein
complex of muscles containing mainly fibers of the first type. K+-EGTA-ATP-ase activity of solius
skeletal muscle actomyosin of rats, which is associated with the muscle destruction during the eightmonth alcohol consumption was almost unchanged.
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The level of carbonyl groups in the actomyosine protein complex from plantaris muscle was increased
relative to controls groups during all terms alcoholization. At the same time in the solius the increasing of
oxidative modification was observed only on 8th months under alcohol abuse.
Development of muscles damages under the influence of alcohol characterized by time delay action. After 2
months of alcohol abuse in the alcohol-sensitive muscles the actomyosin ATPase activities changed and
differ from control values throughout the all experiment. In this time of observation the content of carbonyl
groups in the contractile proteins was increased. Obviously, these changes are due to increased production
of free radicals and changes of the structure of contractile proteins. After 4 months of alcohol abuse are
similar, but less pronounced changes occur in the muscles, insensitive to the effects of alcohol.
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Fig. 1. Ca2+- ATP-ase activity of solius (А) and plantaris (B) skeletal muscle actomyosin rats in conditions of chronic
alcohol abuse during 2,4,6 and 8 months.
* - reliable differences relative to the control group of animals, р<0,05.
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Fig. 2. Mg - ATP-ase activity of solius (А) and plantaris (B) skeletal muscle actomyosin rats in conditions of chronic alcohol abuse
during 2,4,6 and 8 months.
* - reliable differences relative to the control group of animals, р<0,05.
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Fig. 3. К -EGTA- ATP-ase activity of solius (А) and plantaris (B) skeletal muscle actomyosin rats in conditions of chronic alcohol abuse
during 2,4,6 and 8 months.
* - reliable differences relative to the control group of animals, р<0,05.
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CONCLUSIONS: So, the results indicate that the basis of muscle dysfunction in alcohol abuse is not only an
increase in lipid peroxidation, decreased muscle protein synthesis, increasing the content of the main
mediators of inflammation, but also more profound changes relating to the structure and functioning of the
contractile proteins.
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