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Rheological properties of blood have been studied for many
years. Rheological properties of blood is stipulated by the
combination of the functional state of blood cells (mobility,
deformability, aggregative activity of erythrocytes, leukocytes
and platelets), blood viscosity (concentration of proteins and
lipids), blood osmolarity (glucose concentration). Key role in
elaboration of the rheological parameters of blood are played
by formed elements primarily by erythrocytes, because their
membranes are a model of the molecular organization of the
plasma membranes. Aggregative activity and deformation
capacity of red blood cells, that are essential components of
the microcirculation, largely depend from structural organi-
zation of their membranes. Normal red blood cell in normal
conditions is shaped as amphicoelous disk and because of this
its surface area are 20 % bigger compared with the sphere of
the same volume. Normal red blood cells can be significantly
deformed when passing through capillaries without changing
their volume and surface area that supports the processes of
diffusion of gases to be at a high level throughout the micro-
vasculature [1].

Deformation capacity is an important feature of red blood
cells, resulting in their ability to carry oxygen transport
function. In fact it is the ability of red blood cells to change
shape at a constant volume and surface area, allowing them
to adapt to blood flow in the microcirculation. Deformability
of red blood cells is caused by intrinsic viscosity (concentra-
tion of intracellular hemoglobin), cell geometry (amphicoe-
lous shape maintenance, volume, surface area to volume
ratio) and the properties of the membranes, providing the
erythrocytes shape and elasticity. To a large extent, deforma-
tion depends on the degree of the lipid bilayer compression
and stability of its relationship with protein structures

of the cell membrane. Elasticity and viscosity properties of
erythrocyte membrane are determined by the state and
interaction of cytoskeleton proteins, integral proteins, the
optimal content of ATP, ions Ca*, Mg* and the concentra-
tion of hemoglobin, which determine the internal fluidity of
erythrocyte. Factors that increase the rigidity of erythrocyte
membranes include: the formation of stable compounds of
hemoglobin with glucose, increased concentrations of cho-
lesterol, hypoxia [2—4, 7, 8]. As a result, changes in the
membranes of the red blood cells are in process, red cell
surface charge of the membrane is reduced, the membrane
gradient potential is increased that results to changes of their
form, and then — also changes in the plasma (the concentra-
tion of protein, lipid profile, total levels of cholesterol,
fibrinogen, heparin are changing).

Increase in erythrocyte aggregation leads to disruption of
transcapillary exchange, stimulates the adhesion and aggrega-
tion of platelets. Violations of hemorheological properties of
blood cause damages of circulating erythrocytes (membrane
lipids oxidation, increasing rigidity of bilipid layer, glycosyl-
ation and aggregation of membrane proteins), forming a
vicious circle. Thus, the deformation ability of red blood cells
is not the only master factor of oxygen transportation to
peripheral tissues and meeting their demands in it, but is also
the mechanism that affects the rheological ability of blood. It
was found that the deterioration of the deformation ability of
red blood cells accompanies bronchial asthma, that stipulates
the actuality of this study [5].

Purpose of study — to examine the changes occurring in the
erythrocyte membrane biophysical parameters and morpho-
logical structure of red blood cells in the presence of bron-
chial asthma, depending on the severity of the disease.
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Materials and methods

Were examined 75 patients with asthma in remission of the
disease, from 28 to 68 years (mean age — (41,2 £ 6,0) years),
including 31 men and 44 women. Past medical history, clini-
cal symptoms, indicators of lung function, reversibility of
obstruction in a sample with bronchodilators were taken into
account when diagnosing. Selection of patients by severity of
asthma was conducted according to the criteria of the Order
of the Ministry of Health of Ukraine from 19.03.2007, Ne 128
«About approval of clinical protocols for medical care in spe-
cialty «Pulmonology»» [6]. 10 healthy volunteers without
clinically significant severe pathologies, aged on average
(45,0 £ 4,2) years, were examined as a control group. All
patients received standard basic maintenance therapy, which
included usage of inhaled corticosteroid agent and also fast-
released B,-agonist to reduce asthma symptoms.

In the process of monitoring the patients were divided into
3 groups: 28 (37,3 £ 5,6) % — patients with mild persistent
disease course, 30 (40,0 £ 5,7) % — patients with moderate
flow, 17 (22 7 + 4,8) % — with a severe course.

Research of ventilatory lung function was performed in all
patients according to data of spirogram by analysis of curve
«flow-volume» forced expiratory volume and total body
plethysmography using the unit «Master Scope» and
«MasterScreen BodyDiff», company «Erich Jaeger»
(Germany). During the study the relative charge of the mem-
brane (RCM) and relative gradient membrane potential
(RGMP) of erythrocytes (ER), the total number of red blood
cells x 10/L, Hb (g/1), the character of serum liquid-crystal
lattice were evaluated. Also the calculation of erythrocytes
abnormal morphostructures in peripheral blood with deter-
mining the deformation degree of erythrocytes (DDE) was
performed and the level of blood saturation with the defini-
tion of the indicator SaO, has been taken into account.
The study of the relative gradient of membrane potential of
erythrocytes was performed using ionometer «OP-264/1»
(Hungary). Determination of the relative charge of erythro-
cytes was performed using mathematical calculations [4, 7,
11]. Investigation of deformation degree of red blood cells was
performed using the boundary dehydration of biological fluids
method and with an electron microscope «NU 2» by compa-
ny «VEB Carl Zeiss» with MPS 60 Photosystem [10]. The
deformation degree of of red blood cells was determined
according to the scale: 0 — no deformation, 1 — 10-29 %
deformed red blood cells, 2 — 30—69 % deformed red blood
cells, 3 — deformed 70 % or more red blood cells [4].
Statistical processing of obtained data has been performed by
usage of licensed software products that are included in the
software package Microsoft Office Professional 2000 on a PC
IBM Celeron in the program Excel [9]. This research was
sponsored by public funds.

Results and discuss

Indicators of external respiration in patients with mild,
moderate and severe disease are presented in Table 1. These
data suggest that in patients with mild disease speed indicators
of spirogram in remission phase are within normal limits.
In patients with moderate disease a decrease in FEV1 hap-
pens compared with the control and also failure patency
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of distal bronchial passages is determined: MEF 5., MEF o,
MEF,; . In case of severe disease the respiratory disturbance
is the most severe. In patients with severe asthma significant
obstruction of distal airways is observed, which creates condi-
tions for the development of chronic hypoxia in the body.
Total lung diffusion capacity does not differ in patients with
mild asthma disease and healthy individuals, but even in
patients with moderate flow and especially with severe disease
even in the absence of a significant reduction in speed perfor-
mance of spirogram value of membrane component of lungs
diffusion capacity is reduced, that cannot be explained only
by a decrease in the surface area of respiratory metabolism.

In the presence of bronchial asthma a change of the oxygen
regime with the development of chronic hypoxia is taken place
that provokes the morphological changes in the erythrocyte,
reducing the rate of conversion of one hemoglobin structure to
another and its affinity to oxygen. Therefore, if in patients with
mild disease will be no significant changes in the percentage of
pathologically deformed erythrocytes of peripheral blood
compared with healthy individuals whereas in patients with
moderate asthma significant changes in the morphology of red
blood cells occur, namely: a tendency to lower values of eryth-
rocyte aggregation compared with healthy individuals. This is
a consequence of microcytosis since reduced sizes of red blood
cells and reduction of aggregation are the adaptive mecha-
nisms that create the conditions for optimizing microcircula-
tion in patients. However, in patients with the most serious
course of the disease erythrocyte aggregation value is increased,
indicating to the considerable damage of erythrocyte with the
formation of pathologically deformed morphological forms
which are not able to maintain their function in blood rheol-
ogy. A more detailed examination revealed that in patients
with mild asthma morphological picture of erythrocytic com-
ponent does not differ from that in healthy individuals,
namely: normal forms (diskocytes) — (85,1 £ 1,7) %, —
(3,6 £ 1,2) %, cells target days — (5,6 £ 0,5) %, the number of
degenerative erythrocytes — (9,2 = 0,8) %. In patients with
moderate asthma a decrease of normal forms to (55,2 + 1,2) %
is taken place (in healthy individuals — (94,2 + 2,0) %); count
of deformed forms (ehinocytes) is increased to (14,2 £ 0,4) %
(in healthy individuals — (2,2 + 0,8) %); target-like forms — to
(12,6 = 0,5) % (in healthy individuals — (3,1 £ 0,6) %); count
of degenerative red blood cells is increased to (18,0 = 1,3) %
(in healthy individuals — (7,2 £ 0,9) %). In patients with
severe asthma the count of normal forms is reduced to
(41,1 £ 2,0) %, erythrocytes — (18,2 + 1,1) %, degenerative
forms — (28,9 + 2,1) %. By the way, this significant change in
the number of reticulocytes is not observed in either group.
This indicates the presence of direct pathological changes in
the peripheral blood erythrocytes.

All the above mentioned is confirmed by biophysical char-
acteristics of deformation capacity and osmotic resistance of
red blood cells. In a healthy person biophysical indicators of
deformation properties of red blood cells are the stable and
constant values. Factor of relative gradient membrane poten-
tial (RGMP) of erythrocytes has an average meaning of
(0,011 £0,01), the relative charge of the membrane (RCM) —
(0,29 £ 0,005) relative units, the deformation degree of eryth-
rocytes membranes — (1,1 £ 0,1) points.
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Factors of lung volumes, capacities, bronchial patency in patients with mild, moderate rable
and severe bronchial asthma diseases (M = m)
Factor Group | Group I Group I
Patients with mild persistent Patients with moderate Patients with severe asthma
asthma disease (n = 28) asthma disease (n = 30) disease (n = 17)

Rtot, % 105,9 + 14,2 135,5 + 18,2 201,3 + 13,5*¢
IC, % 110,8 + 5,4 92,6 + 4,44 90,1 + 4,1
VC yaxe % 1012509 95,2 + 4,9 83,1+54
ERV, % 104,3 = 8,5 102,5 5,5 72162
RV, % 94,6 + 87 89,2+ 6,7 140,1 = 7,2*¢
ITGV, % 95,6+ 7,2 98,7 +52 112,3 £ 5,1*
TLC, % 100,6 +9,2 108,3 7,2 109,2 + 6,1
FEV,, % 92,6 + 6,5 65,3 + 5,64 55,2 + 6,2*
FVC, % 912:24 79,3 + 1,44 72,9 +2,0*
FVC, tot 28+13 25+ 1,1 3112
FEV, | 278 +1,3 2,49 £ 0,1 2,6+02
FEV, /VC yax: % 87,5 + 4,9 85,6 + 3,8 67,6 + 4,8*¢
FEV, /FEVg, % 83,5+ 6,9 69,5+ 5,8 56,1 + 6,8*
MEF 5, % 71,3+5,0 51,9 + 3,0# 36,2 +7,1*¢
MEF ., % 62,6 + 5,9 42,4 + 474 24,2 + 6.2+
MEF ., % 52,6 + 2,0 29,3 + 1,24 210+ 12"
PEF, % 82,3 + 4,6 69,8 + 2,54 54,2 + 2,6*¢
DLCO 88,4 + 5,1 73,6 + 4,1# 61,4 + 4,2%¢
KCO 86,2+ 7,0 69,2 + 5,6# 65,2 + 4,2*
VA 102,4 £5,7 96,4 + 3,2 89,4 + 2,1
Vin 112,3+6,7 97,3 + 5,24 96,4 + 5.2*
FRC 105,3 + 5,4 96,2 + 3.2 83,4 +2,6%
o Sty sgniicant difetsnce of fctors between groups | and 1l o < D, ey sneant cierence of factors between groups | endl ( < 0.09%

A completely different picture is observed in patients with  hypoxic anisotropy are changed, but not significantly. In
bronchial asthma and as it was shown by research results it patients with moderate disease course all the above charac-
depends on the severity of the disease. In patients with mild teristics significantly different from both the healthy indi-
asthma disease factors RGMP and RCM and degree of viduals group and the group of patients with mild disease.
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Table 2
Biophysical blood factors in patients with different levels of severity of asthma disease in a disease-free survival period
(compared with the group of a healthy individuals) (M = m)
Group | Group Il Group Il
Factor Health! t;lgnors Patients with mild Patients with Patients with severe
(n=15) persistent asthma moderate asthma asthma disease
disease (n = 28) disease (n = 30) (n=17)
RGMP, relative units 0,013 £ 0,001 0,029 + 0,019 0,258 + 0,022*& 0,325 + 0,021#&
RCM, relative units 0,31 = 0,005 0,302 + 0,004 0,085 + 0,008*& 0,045 + 0,007#&
Deformation degree of erythrocyte & "
membranes 1,3+0,1 1,4+£0,0 22+0,0 32+0,2
Hypoxic anisotropy level 0,1+0,1 0,1+0,0 1,6 + 0,0%& 2.3 + 0,2t
Hb 134,5+0,3 140,3 = 0,1 147,6 = 0,1 154,2 + 0,3
Erythrocytes 3,01 £0,0 3,68 + 0,0 41 +0,0 421+0,2
Sa0, 97,2+ 0,2 95,6 + 0,2 92,7 + 0,2*& 89,6 + 0,1#&
Notes: * — statistically significant difference between groups | and Il (p < 0,05), #_ statistically significant difference between groups | and Il (p < 0,05); &_ statistically significant
difference with a group of healthy individuals (p < 0,05)

Most severe changes in the estimated parameters were
observed in patients with severe course of the disease. More
details are presented in Table 2.

Everything mentioned above is confirmed by the structure
of the serum liquid-crystal lattice. The most ordered structure
of the lattice is in patients with mild disease, the most disor-
dered — in patients with severe course with severe symptoms
of «<hypoxic anisotropy».

Conclusions

In the present research changes in biophysical parameters
of red blood cells in patients with asthma with different
degrees of severity of the disease ware investigated and com-
pared for the first time. For the first time the changes in
values of relative gradient membrane potential (RGMP) and
the relative charge of the membrane (RCM) factors as indi-
cators of deformation capacity and osmotic resistance of
these cells have been estimated, their deformation degree
has been determined and crystal-optical characteristic of
blood serum depending on the severity of asthma has been
given. It was found that increasing of severity of bronchial
asthma invokes growth of relative gradient membrane poten-
tial and reduction of charge on the erythrocytes membrane
that conversely leading to an increase of the deformation
degree of red blood cells and increment of the percentage of
pathologically changed morphological forms of erythrocytes
(ehinocytes, target-like and degenerative forms). In addi-
tion, it was found: the heavier the course of asthma — the
less ordered is the liquid-crystal structure of serum with the
development and progression of <«hypoxic anisotropy».
Taking into account the obtained data methods of treating
patients with asthma must be improved in the future to make
the quality of life of this group of patients with bronchial
asthma much better.
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CHANGES IN MORFOFUNCTIONAL AND BIOPHYSICAL
CHARACTERISTICS OF RED BLOOD CELLS IN PATIENTS
WITH BRONCHIAL ASTHMA

Y. I. Feshchenko, N. A. Primushko, N. V. Parkhomenko,
L. V. Rolik, L. M. Kuryk, V. V. Kuts, I. P. Turchyna,
A. 1. Adamchuk

Summary

Purpose of study — 7o examine the changes occurring in the erythrocyte
membrane biophysical parameters and morphological structure of red blood
cells in the presence of bronchial asthma, depending on the severity of the
disease.

Materials and methods. Were examined 75 patients with asthma in
remission of the disease, from 28 to 68 years (mean age — (41,2 = 6,0)
years), including 31 men and 44 women. Research of ventilatory lung func-
tion was performed in all patients according to data of spirogram by analysis
of curve «flow-volume» forced expiratory volume and total body plethysmog-
raphy using the unit «Master Scope» and «MasterScreen BodyDiff>, com-
pany «Erich Jaeger> (Germany). The study of the relative gradient of mem-
brane potential of erythrocytes was performed using ionometer «OP—264/1»
(Hungary). Determination of the relative charge of erythrocytes was per-
formed using mathematical calculations. Investigation of deformation degree
of red blood cells was performed using the boundary dehydration of biological
[fluids method and with an electron microscope «NU 2» by company «VEB
Carl Zeiss» with MPS 60 Photosystem. Statistical processing of obtained
data has been performed by usage of licensed software products that are
included in the software package Microsoft Office Professional 2000 on a PC
IBM Celeron in the program Excel.

Results. Obtained data suggest that in patients with mild disease speed
indicators of spirogram in remission phase are within normal limits. In
patients with moderate disease a decrease in FEV'I happens compared with
the control and also failure patency of distal bronchial passages is deter-
mined: MEF s ., MEF, ,,, MEF; . In case of severe disease the respira-
tory disturbance is the most severe. In patients with moderate asthma a
decrease of normal forms to (55,2 £ 1,2) % is taken place (in healthy indi-
viduals — (94,2 % 2,0) %), count of deformed forms (ehinocytes) is increased
to (14,2 = 0, 4) % (in healthy individuals — (2,2 = 0,8) %), target-like
Jforms — to (12,6 = 0,5) % (in healthy individuals — (3,1 £ 0,6) %); count
of degenerative red blood cells is increased to (18,0 = 1,3) % (in healthy
individuals — (7,2 = 0,9)%). In patients with severe asthma the count of
normal forms is reduced to (41,1 £ 2,0) %, erythrocytes — (18,2 £ 1,1) %,
degenerative forms — (28,9 + 2,1) %. In a healthy person biophysical indi-
cators of deformation properties of red blood cells are the stable and constant
values. Factor of relative gradient membrane potential (RGMP) of erythro-
cytes has an average meaning of (0,011 = 0,01), the relative charge of the
membrane (RCM) — (0,29 *+ 0,005) relative units, the deformation degree
of erythrocytes membranes — (1,1 % 0, 1) points. A completely different pic-
ture is observed in patients with bronchial asthma and as it was shown by
research results it depends on the severity of the disease. the heavier the
course of asthma — the less ordered is the liquid-crystal structure of serum
with the development and progression of «hypoxic anisotropy».

Conclusions. /n the present research changes in biophysical parameters of
red blood cells in patients with asthma with different degrees of severity of the
disease ware investigated and compared for the first time. For the first time
the changes in values of relative gradient membrane potential (RGMP) and
the relative charge of the membrane (RCM) factors as indicators of deforma-
tion capacity and osmotic resistance of these cells have been estimated, their
deformation degree has been determined and crystal-optical characteristic of
blood serum depending on the severity of asthma has been given. It was found
that increasing of severity of bronchial asthma invokes growth of relative
gradient membrane potential and reduction of charge on the erythrocytes
membrane that conversely leading to an increase of the deformation degree
of red blood cells and increment of the percentage of pathologically changed
morphological forms of erythrocytes (ehinocytes, target-like and degenera-
tive forms). In addition, it was found: the heavier the course of asthma — the
less ordered is the liquid-crystal structure of serum with the development and
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progression of «hypoxic anisotropy». Taking into account the obtained data
methods of treating patients with asthma must be improved in the future to
make the quality of life of this group of patients with bronchial asthma much
better.

Keywords: bronchial asthma in adults, blood rheological properties, bio-
physical parameters of erythrocyte membrane, morphological and functional
characteristics of red blood cells.
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SMIHU MOP®O®YHKLIOHAJIbHUX | BIO®ISNYHUX
XAPAKTEPUCTUK EPUTPOLINTIB Y XBOPUX
HA BPOHXIAJIbHY ACTMY

10. I. Qewenko, H. A. [Ipumywixo, H. B. [lapxomenko,
JI. B. Poaix, JI. M. Kypuk, B. B. Kyu, 1. Il. Typuuna,
0. I. Adamuyk

Pesiome

Merta podoti — docaidxcenHs 3miH, wo 8i00ysarmucs 6 0ioPi3u4HUX
NOKA3HUKax epumpoyumapnoi memopanu i é mopghosoeiuniii cmpykmypi
epumpoyumie npu Opouxiasvhiti acmmi (bA) 3anexncno 6i0 maxckocmi
3aX60pI0BAHHSL.

Marepiaau i MeToau nocaimkenus. byro oocmescerno 75 xeopux na bA
¥ @pasi pemicii 3axeopiosanns eikom 6id 28 do 68 pokis. Jocaioxncenns gen-
MUAAUIHHOT YyHKUIT Neeerb nPoBoOUNOCS 8CIM XBOPUM 3G OAHUMU CRIpO2pa-
MU GHAAIZY KPUBOI «nomik-00'em» Gopcosanoeo uouxy i 3a2anvhoi nae-
musmoepaghii mina na anapami «Master Scope» i «MasterScreen BodyDiff>
ipmu «Erich Jaeger»> (Himewuuna). Jlocaioxncents: 6i0HOCHO0 epadieHmHo-
20 MeMOPaHHO20 NOMeEHYiany epumpouumie npogoounocs 3a 00NOMO20H0
ioHomempa «OP—264/1» (Yeopwuna). Jocaioncenns cmynens degpopmauii
epumpoyumie Kpogi nposoousy 3 BUKOPUCIAHHIM Memody Kpaiiosoi deei-
dpamayii 6ionoeiuHux pioun i 3a 00NOMO20I) eAeKMPOHH020 MIKPOCKONA
«NU 2» hipmu «VEB Carl Zeiss» 3 pomocucmemoro MPS 60. Cmamucmuuny
00pOOKY OMPUMAHUX OGHUX BUKOHY8AAU 3 OONOMO2OI) NUEH3IUHUX NpO-
2pamHux npodykmie, wio 6xodams 6 npoepamuuii nakem Microsoft Office
Professional 2000, na nepconanvromy komn romepi IBM Celeron y npoepami
Excel.

Pesyasratu. Ompumani oani nokaszyroms, wo y X60pux 3 necKum nepe-
0i20M 3aX80PI0BAHHS WEUOKICHI NOKA3HUKY cnipoepamu y ¢asi pemicii 3na-
X00ambcs 8 medcax Hopmu. Y xeopux i3 cepednim cmyneHem msicKocmi
3axeopiosans eiobyeacmucs 3uudcernss ODBI y nopiensanni 3 Kkonmpoaem,
BUBHAYAEMbCS HEOOCMAMHICHb NPOXIOHOCMI QUCMANbHUX 8i00ini6 OPOHXI-
anvrux waaxie: MEF,s o, MEF, o, MEF,; o,. Ilpu maxckomy nepebiey
3aX60PI06AHHS QUXANLHA HEOOCMAMHICMb € HAUOLAbIW MANCKO0I0. Y Xgopux
3 BbA neekoeo nepebicy mopgonoeiuna kapmura epumpouyumapHoi 1aHKu
NpaKmuyHo He 8I0PI3HAEMbCS 6i0 NOKA3HUKIE Y 300pogux ocif. Y xeopux na
acmmy cepedrboi maxckocmi 8i00y8aemucs 3HuNCEHHs Hopmogopm 0o (55,2
+ 1,2) % (300posi — (94,2 * 2,0) %); kinvkicmb exinoyumie 30in6uyemocs
do (14,2 % 0,4) %, (300posi — (2,2 + 0,8) %); mimenesuonux — do (12,6 £
0,5) % (300pogi — (3,1 = 0,6) %), uucao decenepamugnux gopm epumpo-
yumie 36iavuyemocs 0o (18,0 + 1,3) % (300posi — (7,2 = 0,9) %). [lpu bA
msANCK020 nepebiey iocomok Hopmogopm smenuyemocs do (41,1 = 2,0) %,
exinoyumie — 0o (18,2 £ 1,1) %, deeenepamusnux gopm — 0o (28,9 = 2,1)
%. Y 300poeoi arodunu Gioghizuuni NOKA3HUKU 0eqhopMAYIlIHUX 6AACMUBOC-
meli epumpoyumis Kpogi € cmadinbHo0, He3MIHHOW éeautunor. Ilokasnuk
8IOHOCH020 2padicHMHO20 MeMOPAHHO20 NOMEHYIany epumpoyumio
(BIMIIE) cmanosums 6 cepednvomy (0,011 = 0,01) 6. 0., B3ME 6 ceped-
nvomy dopisnroe (0,29 = 0,005) 6. o., cmyniny degopmayii membpan




epumpouumie — (1,1 £ 0,1) 6ara. 3o6cim inwa kapmuna cnocmepieaemocs
vy xeopux na bA, i ax nokazaau pesyrsmamu docaiodcends ,860Ha 3aAeACUMD
6i0 cmynens msyjckocmi 3axeoproeanus. Yum eaxncue cmyniny nepebicy
3aX60PI06AHHS - MUM OLAblLe BUPAdNCEH] 3MIHU 0ehoOPMAYITIHUX NOKAZHUKIG
epumpoyumapHoi Memopanu.

BucHoBoK. B pesyavmami npogederoi pobomu enepuie 6yau docaionceni
3MiHU OloQi3UMHUX NOKA3HUKIE epumpoyumie Kposi y xeopux Ha bA 3 pi3-
HUM CMyneHem mAXNCKOCmI 3axeopioéanhs. Bnepwie docaidoceno 3minu
BeAUMUH GIOHOCHO0 2PAOIEHMHO20 MEMOPAHHO20 NOMEHUIany | 6iI0OHOCHO20
3apsady membpan epumpoyumie K NOKA3HUKi6 deghopmayiiinoi 30amHocmi
ma ocMOMUYHOI CIMILIKOCHI YUX KAIMUH, 8U3HAYEHO CIYRIHb iX degopmayii
ma 0aHo Kpucmanroonmu4ry Xapakmepucmuiy cu6opomku Kpogi 3a1eicHo
6i0 maxckocmi nepebicy BA. Bcmanoeaeno, wo i3 obmsxicenHam nepebiey
bBA sidbysacmbcs HapocmanHs BIOHOCHO20 2PAdIEHMHO20 MeMOPAHHO20
nomenyiany ma nadiHHsa 3apady Ha epumMpoyUMapHiii memopati, wo npu-
3600ums 00 HAPOCMAHHS CMyneHs Oegpopmayii epumpoyumie Kpogi ma
3001bUIeHHS 8I0COMKY NAMOAOIMHO 3MIHEHUX MOpogopm epumpouumie
(exinoyumis, miwenegudnux i deeenepamuenux ¢opm). Kpim moeo,

OPUTIHAJIbHI CTATTI

B8CMAHOBAEHO: UM maxcuuil nepebic bA — mum meHuw 6nopsaoKo8anoro €
PpidKoKpucmaniuna cmpykmypa cupogamxu Kpogi 3 po3eumiom ma npo-
2pecyBaHHAM «2inokcuuhoi anizomponii». Ha nidcmaesi ompumanux oanux
CAi0 3a3Havumu, wio Haodani HeodXioHo 800CKOHANIO8AMU CROCOOU NTKY8AH-
HA xeopux Ha BA 3 ypaxyeanuam ompumanux pe3yabmamie 3 Memoro
NOKPAWAHHS AKOCMI Jcumms 0anol epynu nayieHmig.

KirouoBi ciioBa: 6porxiansha acmma y 0opocaux, peonroeiuti 61acmuoc-
mi Kposi, Giopi3uMHi NOKA3HUKU epumpouyumaproi memopanu, mopgpo-
(DYHKUIOHANbHI XQPAKMEPUCMUKU epUMPOUUMIE KPOBI.
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* - MNpalicosan ueHa Ha 10.07.2013
AKUMA “KomnnexT npakTuKyoWwero nynsmoHonora”
® [LEWCTBYET Ha Beed TeppuTopuK YKpanHbl go 01.09.2013.

N3 B Homepe AuA Nel 3a 2013 rox, Ha cTp. 8, Harie4yaTaHO HENPaBUIIBHO:
«TunopoH (AMuU30H) (Tab.) — MSATKMIT UMMYHOMOZYJISITOP + CTUMYJIMPYET POCT CTBOJIOBBIX KJIETOK + MPsIMOE MIPOTUBOBUPYCHOE AEUCTBUE».
[IpaBUIbHO YNTATD:
«TunopoH (AMukcuH, JJapoMakc) (Tabj1.) — MITKUE MMMYHOMOIYJISITOP + CTUMYJIMPYET POCT CTBOJIOBBIX KJIETOK + MPsSIMOE IMPOTUBOBUPYCHOE
neiicTeue.
[IpousBonHOe M30HUKOTMHOBON KUCIOTHI (AMU30H) (Tabs.) — Hona-comepxkaliuii HeHapKOTUYECKUI aHalIbIeTUK + MPOTUBOBUPYCHOE AEi-
CTBHE».

ACTMA TA AJNNIEPTIA, Ne2 - 2013




