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While studying pathogenesis of bronchopulmonary dis-
eases, research workers aim their increased interest at red
blood cells, due to their important role in maintaining ho-
meostasis at the level of the whole organism. The most im-
portant functions of red blood cells include uptake of oxy-
gen in the lungs, transportation of oxygen to the tissues and
carbon dioxide from the tissues to the lungs [1]. Yet, the
value of red blood cells in the body is not limited to the gas
transport function. They are involved in control of throm-
bus formation, acid-base balance, water-electrolyte metab-
olism and immune responses, they are known to maintain
stable internal environment [2].

The notion of «erythron» was introduced back in 1935 and
later it received wide recognition due to the development
of erythrokinetics and quantitative measurement of the sys-
tem. Under physiological conditions, the ratio of individual
erythron parts is stable, which is provided by the rate of for-
mation and destruction of red blood cells. In the presence
of pathologies of various origins the erythrocytic system
features molecular and biochemical changes of both com-
pensatory and maladaptive nature [8—10]. The morpholog-
ical changes in red blood cells caused by various reasons
encourage disorders in the regulating function of maintain-
ing processes in homeostasis [7, 11].

All red blood cells comprise heterogeneous popula-
tions based on their surface structure. There are several
types of circulating red blood cells depending on their
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morphological shape: discocytes, echinocytes (acanthoids),
target cells and annulocytes (spherocytes). In healthy
adults, discocytes account for 80 % of the total number
of red blood cells. Annulocytes (spherocytes) represent the
final stage of development of red blood cells, since having
lost their deformation ability and ability to change shape
they become more vulnerable to the effects of pathologi-
cal factors and yield to haemolysis. Red blood cells have
mosaic and liquid-crystal membranes consisting of dou-
ble lipid layer with immersed protein structures [13—15].

The proteins in the bilayer are very labile. Interacting
with each other, protein molecules form membrane skele-
tons, ensuring its stability. Red blood cells have only a su-
perficial cytoskeleton, which is a detergent-resistant aggre-
gation of proteins connected to the membrane, forming
a chain along the inner surface of the plasma membrane
facing the cytoplasm. The cytoskeleton strengthens the
membrane, ensuring its unity with the lipid bilayer, pro-
viding the membrane with internal mobility and flexibility.
Transformation processes and death of red blood cells are
preconditioned by changing transmembrane orientation
of phospholipids from the inside of the membrane to the
outside [16]. Red blood cells with altered cytoarchitecton-
ics lose their ability to deform, which reduces interaction
between their membranes and capillary walls and violates
oxygen transportation through the blood-air and blood-tis-
sue barriers.




Deformation ability of red blood cells is an energy-de-
pendent process. The biconcave shape of red blood cells
providing adequate participation of cells in gas exchange
is achieved by preserving adequate number of macroergs
(ATP) and protein-lipid balance of erythrocyte mem-
brane [17]. Depletion of the ATP content in red blood cells
leads to blocking of ion pumps and ion balance change
in cells.

Oxygen-binding properties of red blood cells play an im-
portant role in physiological mechanisms of balance main-
tenance between the processes of free radical oxidation and
antioxidant protection in human body. These properties
determine the nature and amount of oxygen diffusion to the
tissues, depending on the need for it and its efficiency, con-
tributing to prooxidant-antioxidant balance, exhibiting ei-
ther antioxidant or prooxidant properties, depending on the
situation [6, 12].

Therefore, the deformation ability of red blood cells
is not only a master factor in transportation of oxygen
to peripheral tissues, but also the mechanism affecting ef-
ficiency of the body’s antioxidant defence system and play-
ing a key role in rheological properties of blood. Since red
blood cells are responsible for oxygen supply in all energy-
producing processes, disruption of blood oxygen delivery
to the tissues is considered to be an indicator of sever-
ity of pathological processes and metabolic changes in red
blood cells and the body in general. The growing heteroge-
neity of red blood cells pool and increase of specific weight
of transformed forms reflect violations in red blood cells
membrane structure and metabolism [4, 5], and are unfa-
vourable diagnostic and prognostic signs.

Detailed examination of morphological changes in red
blood cells and induction of such mechanisms naturally
raises the question of the possibility of existence of any spe-
cific changes in the ultrastructure of red blood cells during
pathological processes of various origins.

The main changes in red blood cells affected by bronchial
asthma (BA) have been actively studied in recent years.
It was established that bronchial asthma, regardless of its
severity, causes aggravation of deformation capacity and
osmotic resistance of red blood cells, and severity of such
disorders varies depending on the phase of the BA: they
aggravate during exacerbation and improve during remis-
sion. We found no data regarding dynamic changes in elas-
ticity of erythrocyte membranes in long-term monitoring
of BA patients in the available literature, which made the
work especially topical and relevant.

The main objective of the research work was to study the
changes occurring in the morphological structure of red
blood cells during bronchial asthma depending on severity
of the disease in the context of dynamic long-term follow-
up observation against the background of standard medi-
cal treatment.

Materials and methods

We examined 165 BA patients in remission, average
age — (36.8 £ 5.8). Diagnosis took into account their med-
ical histories, clinical symptoms, respiratory function indi-
ces and bronchodilator reversibility. Selection of patients
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based on severity of BA was conducted in accordance
with the criteria of the Order of the MoH of Ukraine
0f 28.10.2003 No. 499 «On approval of instructions for pro-
vision of assistance to patients with tuberculosis and non-
specific pulmonary diseases» and the Order of the MoH
of Ukraine of 19.03.2007 «On approval of clinical proto-
cols for provision of medical care in «Pulmonology» spe-
cialty» [18]. The control group consisted of 30 healthy
volunteers who had no clinically significant severe pathol-
ogies, average age — (38.5 & 6.5). All patients received stan-
dard basic therapy chosen for remission period, which in-
cluded the use of an inhaled corticosteroid and short-acting
2-agonist for reduction of asthma symptoms.

In the process of the follow-up observation patients were
divided into 3 groups: 70 (42.4 + 7.8) % — patients with
mild persistent BA, 55 (33.3 £+ 3.7) % — patients with mod-
erate persistent BA, and 30 (18.2 + 3.8) % — patients with
severe persistent BA. All patients have achieved remission.

The degrees of deformation of red blood cells were stud-
ied using the method of acentric dehydration of biologi-
cal fluids and NU 2 electron microscope with the MPS
60 photosystem manufactured by VEB Carl Zeiss, and us-
ing the BioVision program [21—24].

Ventilatory lung function was studied in all patients based
on spirogram data with the analysis of the «flow-volume»
curve of forced expiration and whole body plethysmog-
raphy using Master Scope and MasterScreen BodyDiff
units manufactured by Erich Jaeger (Germany) [19]. Case
follow-up was conducted for 10 years. The results were
taken into account every 5 years, when patients achieved
remission. Statistical processing of the data was carried
out with the help of licensed software products included
in the Microsoft Office Professional 2000 software pack-
age (Excel) and an IBM Celeron PC [20, 21]. The research
work was state-funded.

Results and Discussion

The results of the dynamic long-term follow-up show
that speed spirometric indices of external respiration
in patients with bronchial asthma are unstable, especially
in cases of severe persistent disease, and despite the con-
stant background therapy they tend to aggravate, particu-
larly in cases of severe persistent BA.

In particular: almost all speed spirogram indices decrease
within a ten-year interval. In cases of severe persistent dis-
ease the respectively specified changes are the most appar-
ent, and respiratory failure is the severest. The total diffu-
sion capacity of the lungs in patients with mild persistent
bronchial asthma is stable and virtually identical to the indi-
ces in the group of healthy individuals, and in patients with
moderate persistent BA, especially in patients with severe
persistent BA, the index of membrane component of dif-
fusion capacity of the lungs is reduced, which can be ex-
plained not only by the decrease of the gas exchange sur-
face area: persistent inflammation in the respiratory tract
causes hypertrophy of smooth muscle elements, thicken-
ing of the basement membrane, reduced elastic properties
of vascular walls and accumulation of collagen fibres [179].
These pathogenic changes persist in the intervals between



exacerbations. Remodelling of the bronchi is caused by the
damage of bronchial mucosa epithelium, disorders in its
regeneration, active production of growth factors originat-
ing in inflammation effector cells, which occurs even at the
early stages of the disease. Detailed information is pre-
sented in Table 1.

At the beginning of the follow-up observation, percent-
age composition indices of red blood cells in BA patients’
peripheral blood showed an increase in the number of cir-
culating red blood cells with rigid membrane structure,
while membranes of degenerative erythrocytes were mostly
covered with dense areas of protein-lipid layer. Given the
obtained data, we tried to determine the increase of the
number of red blood cells with low deformability in the
BA patients’ peripheral blood. This can be determined with
the help of the deformation index (DI). The DI depends
on the surface of red blood cells and their volume. The
higher is the value of the DI, the higher the deformation
capacity of red blood cells. Low DI means red blood cells
are mostly represented by echinocytes, target and degen-
erative cells with low deformability.

Our studies showed that in patients with mild persis-
tent BA the DI index per 100 erythrocytes in peripheral
blood is just (0.25 £ 0.004) s.u. (in control group — (0.31 =
0.002) s.u.), in patients with moderate persistent BA —(0.15 +
0.002) s.u., in patients with severe persistent BA — (0.07 £
0.001) s.u. at the beginning of the follow-up observation,
yet, in 10 years the index changed as follows: in patients
with mild persistent BA to (0.24 £ 0.004) s.u., in patients
with medium persistent BA to (0.11 = 0.002) s.u., and
in patients with severe persistent BA to (0.02 = 0.001) s.u.

The patients’ morphological parameters of red blood cells
undergo certain changes, depending on severity of bron-
chial asthma, according to the obtained data. Deviations
in erythrocyte-metric indices were noticed in cases of mild
persistent BA — reduction of the mean erythrocyte diam-
eter (MED) to (6.95 £ 0.04) um against the background
of preservation of the reference range of the mean corpus-
cular volume (MCV) (83.9 =+ 1.2) mm3 compared to the
control group (7.55 = 0.01) ym and (83.7 = 0.8) mm3, re-
spectively. In patients with moderate persistent BA more
apparent shifts in morphometric parameters were ob-
served — reduction of the mean diameter to (5.88 + 0.05)
um and erythrocyte spherulation to (80.9 = 1.1) mm3.
In patients with severe persistent BA a tendency to re-
duction of the MCV to (71.2 £ 1.1) mm3 was observed
against the background of a significant reduction of the
MED to (4.12 £ 0.02) um (see Fig. 1, 2).

10 years after, there were no essential changes in the pat-
tern. Morphometric parameters of red blood cells in pa-
tients with mild persistence BA were virtually no different
from those in the control group: MED — (6.88 = 0.04) um,
MCV — (85.2 = 1.1) mm3. A tendency to deterioration was
observed in patients with moderate persistent BA: MED —
(4.12 £ 0.02) ym, MCV — (70.9 £ 1.1) mm3. Patients
with severe persistent BA experienced significant changes:
MED — (2.15 £ 0.01) um, MCV — (61.3 £+ 1.0) mm23.

We believe that progression of erythrocyte spherulation
reflects the adaptive nature of changes in the qualitative
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composition of the cell population, aimed at increase in re-
spiratory surface of red blood cells and increase in oxy-
gen capacity of blood required to maintain adequate tis-
sue perfusion against the background of chronic bronchial
obstruction.

Note: # statistically significant difference between in-
dices at the beginning and at the end of the follow-up
(p < 0.005).

A more detailed examination show that in patients
with mild persistent BA the morphological pattern of the
erythrocytic link is virtually indistinguishable from that
of healthy individuals, in particular: discocytes — (84.9 =
1.5) %, echinocytes — (3.2 = 1.1) %, target cells — (5.2
0.5) % (see Fig. 3). Spherical transformation of red blood
cells in cases of mild persistent BA reflects the inclu-
sion of adaptive mechanisms aimed at support of the
homeostatic balance in the oxygen transportation sys-
tem that maintains consistency of internal environment.
10 years after, the erythron pattern remained virtually
unchanged.

A completely different pattern was observed in patients
with moderate persistent BA.

The number of discocytes was (53.8 = 1.2) %, echino-
cytes — (15.8 = 1.1) %, target cells — (13.5 = 0.5) %, de-
generative RBC — (16.9 £ 0.8) %. 10 years after, the num-
ber of discocytes lowered to (47.1 £ 1.0) %, the number
of echinocytes increased to (16.8 £ 0.3) %, the number
of target cells grew up to (14.5 = 0.6) %, and the number
of degenerative RBC increased to (21.3 + 1.2) % (see Fig.
4). There have been significant changes only in percentage
of circulating target cells, which we believe to be an adap-
tive response to chronic bronchial obstruction.

In patients with severe persistent BA, the changes in the
morphological structure of red blood cells were more pro-
nounced, in particular: the number of discocytes was
(46.0 £ 0.9) %, echinocytes — (17.5 £ 1.2) %, target cells —
(16.7 £ 0.5) %, the number of degenerative RBC — (19.3 £
0.9) %.

10 years after, there was a decrease in the number of dis-
cocytes to (36.7 = 0.5) %, the number of echinocytes in-
creased to (18.4 = 0.8) %, the number of target cells —
to (21.8 £ 0.9) %, and the number of degenerative RBC
raised to (23.0 = 1.2) % (see Fig. 4).

The abovementioned red blood cells dysmorphism in-
dicates deep morphological damages and destabilization
in the membranes of erythrocytes directly affecting their
functional activity. Undoubtedly, the shape defines behav-
iour of erythrocytes in the microvasculature, determin-
ing adequate intercellular interactions while erythrocytes
function as a contact system in the BA pathogenesis. The
mechanisms of disorganization of the erythrocyte plasma
membrane, which largely determine cell shape, primar-
ily include intensification of the processes of free radical
oxidation and energy production deficit. Morphologically
deformed erythrocytes, being functionally incapable,
are responsible for the lack of functioning effectiveness
of adaptive mechanisms of the erythrocyte system aimed
at levelling hypoxia and improvement of haemotissue per-
fusion.




Indices of lung volumes, capacities, bronchial patency in patients with mild,
moderate and severe persistent BA over time (M = m)

Table 1

Group | Group Il Group Il
Indices Visit | Visit Il Visit | Visit Il Visit | Visit Il
n=70 n=55 n=30

R tot, % 105,9 £ 14,2 104,2 £ 14,2 135,5+ 18,2 132,1 £ 18,1 142,3 + 13,5™ 200,1 + 13,8™&
IC, % 110,8 £+ 5,4 103,5+5,2 92,6 + 4,4% 91,8 + 4,2* 92,1 +4,1 91,5+4,0
VC a0 % 101,2£5,9 100,1 5,2 95,2+4,9 93,8 +4,8 88,1+5,2 80,1+5,2
ERV, % 104,3+8,5 102,4 + 8,2 102,5+5,5 101,4 £+ 5,1 82,1 +6,2" 73,8 + 4,34
RV, % 94,6 +8,7 96,1 8,5 89,2+6,7 92,5+6,9 140,1 £ 7,2"* 158,6 + 7,8™
ITGV, % 95,6 £7.2 96,373 98,7 +5,2 99,5+5,3 13,4+ 5,1 111,8 £5,2°
TLC, % 100,6 £ 9,2 95,6 + 8,6 108,3 +7,2 107,8 £ 7,1 106,1 + 6,1 11,2+ 6,3
FEV,, % 92,6 + 6,5 93,6 + 6,6 73,5,3 + 5,6* 66,8 + 5,2% 61,0+4,2" 50,1 +2,5¢
FVC, % 91,2+24 96,4 +2,5 86,3 + 1,5% 75,3 + 1,4% 82,821 70,1 +2,0¢
FEV,, | 2,78+ 1,3 2,55+1,2 2,49 +0,1 2,38 +0,1 2,21+0,2 2,15+£0,2
FEV,/VC . % 87,5+4,9 86,9 +4,8 85,6 + 3,8 83,2+35 68,5+ 2,1 60,6 + 2,5
FEV,/FEV, % 83,5+6,9 84,8 +6,8 69,5+ 5,8 679+5,5 56,1 + 6,8 52,5+ 6,3
MEF ., % 71,3+£5,0 71,6+4,9 51,9 £ 3,9¢ 50,3+4,5 36,2+ 7,1 34,8 +6,7
MEF,, % 62,6 £5,9 61,8+5,7 42,4 £ 4.7* 41,5+ 4,5¢ 34,8+2,5* 23,1 £ 1,17
MEF ., % 52,6 +2,0 50,7 £1,8 29,3+ 1,2* 27,8 +1,1% 21,0+1,2° 8,5+ 1,1%
PEF, % 82,3+4,6 83,5+4,7 69,8 + 2,5* 65,4 +2,3* 64,2+26" 48,7 + 2,3
DLCO 88,4 +5,1 92,5+5,5 81,6 +2,1* 70,2 + 1,8% 782 +25" 61,2 + 4,0
KCO 86,2+ 7,0 88,772 69,2 + 5,6* 71,3 +5,3% 66,2 +4,2' 67,8 +4,1°
VA 102,4 £ 5,7 103,5 +5,5 96,4 + 3,2 96,5 + 3,2 83,421 751 2,1
Vi 112,3+6,7 115,8 + 6,9 97,3 £ 5,2* 98,4 +5,3* 95,4 +5,2° 93,8 +5,1°
FRC 105,3+5,4 106,7 +5,5 96,2 + 3,2 97,6 + 3,1 82,4+26 75,9 +£2,2°%

follow-up (p < 0.05).

Notes: # statistically significant difference between indices in Groups | and Il (p < 0.05); * statistically significant difference between indices in Groups | and Il (p < 0.05);
+ statistically significant difference between indices in Groups Il and Ill (p < 0.05); & statistically significant difference between indices at the beginning and the end of the
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Note: # statistically significant difference between indices at the beginning and at the

end of the follow-up (p < 0.005).

Fig. 1. Dynamic pattern for the average diameter of red blood cells

in BA patients (10-year interval)

end of the follow-up (p < 0.005).

Note: # statistically significant difference between indices at the beginning and at the

Fig. 2. Mean corpuscular volume in BA patients with varying degrees

of severity of the disease over time
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Fig. 4. Morphological structure of red blood cells in BA patients
in Group Il in the course of long-term follow-up
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Conclusions

Morphological changes in the structure of red blood cells
in patients with bronchial asthma, depending on severity
of the disease against the background of the dynamic long-
term follow-up standard medical treatment, have been stud-
ied and compared for the first time as a result of the con-
ducted work. Our studies have shown that BA is accompanied
by phasic changes in the morphological profile of red blood
cells, depending on severity of the disease. The compensatory
reaction of red blood cells by means of spherulation of cells
in response to the persistence of bronchial obstruction led
to some levelling of hypoxic and circulatory changes in the
body, creating the preconditions for stress and exhaustion
of the erythrocyte system in regulation of the cell-cell co-
operative interactions, most pronounced in cases of severe
persistent BA. Given the findings, in future it is necessary
to improve methods of treatment and rehabilitation of pa-
tients with BA taking into account the obtained results.
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CTPYKTYPHO-®YHKUWOHAJIbHbIE USMEHEHUA
3PUTPOLINTOB KPOBW Y BOJIbHbIX BPOHXUAJIbHOMN
ACTMOW HA ®OHE CTAHAAPTHOIO BA30OBOIO JIEYEHUA
nePn ANUTENbHOM ANHAMWUYECKOM HABJIIOAEHUA

0. U. ®@ewenro, K. B. Hazapenko, JI. M. Kypuk

Pe3iome

Ileab mpoBeaeHHOI PadOTHI: uccaedosanue U3MeHeHUll, NPOUCX00s-
Wux 8 Mopgpoaoeuueckoll cmpyKmype 3pumpoyumog npu OpOHXUANbHOL
acmme (bA) 6 3asucumocmu om msxjcecmu meveHus 3a001e8aHUS NpU
OnumenvHoM OUHAMUYECKOM HAOA00eHUU HA (PoHe CMaHOapmHo2o Ae-
ueHus.

Martepuansl M MetToabl. bvio obcaedosano 165 nayuenmos
¢ bA 6 aze pemuccuu 3aboneséanus, cpeonuii eospacm (36,8 = 5,8)
eoda. B npouecce Habawdenus 6oavHble ObiaU pazdenenbl Ha 3 epynnbl:
¢ neekum nepcucmupyrowum mevenuem — 70 (42,4 = 7,8) %); cpeo-
Heti cmenenu msaxcecmu — 55 (33,3 £ 3,7) %) u maxceavim meue-
Huem — 30 (18,2 + 3,8) %. Bce 6oavHble Obiau 6 cmaduu pemuccuu 3a-
bonesanus. Hccredosanue cmenenu degpopmayuu dpumpoyumos Kposu
NPOBOOAMCS C UCNOAb308AHUCM Memooa Kpaeeoil decudpamauuu oOuo-
N02UMECKUX HCUOKOCME U ¢ NOMOUWbI0 NeKMPOHHO2O MUKDOCKONA
NU 2 ¢upmot VEB Carl Zeiss ¢ pomocucmemoit MPS 60 u ¢ npumene-
Huem npoepammel BioVision. Hccaedosanue eeHmMuasyuoHHOU DYHKUUU
Ae2KUX NPOBOOUAOCH 6CeM OONbHBIM O OAHHbIM CAUPOPAMMbL AHANU3A
Kpugoil «nomok—obsem» hopcuposanHoeo 6vi00xa u ooueil naemus-
Mmoepaghuu meaa wa annapame Master Scope u MasterScreen Body Diff
upmor Erich Jaeger (Iepmanus). Jlunamuueckoe nabarooenue npooou-
n0cy 6 meyerue 10 nem. Pesyavmamol yuumoliéanucs pas é 5 nem, koeda
nayuenm Haxoouacs é pemuccuu bA. Cmamucmuueckas obpadomia no-
AYHEHHBIX OAHHBIX 8bINOAHANACH C NOMOULLIO AUUEHIUOHHBIX NPOPAMM-
HbIX NPOOYKMOE, 8X00Amux ¢ npoepammusiii nakem Microsoft Office
Professional 2000 na nepconanshom komnwvromepe UbM Celeron 6 Excel.

Pesymbratol. Coenacho noayuennsim 0anHviM, mMopgoaoeuueckue na-
pamempbl 3pUMPOUUMAPHBIX KAEMOK y GONbHbIX USMEHSIOMCS 8 3A8UCU -
mocmu om cmenenu maxcecmu BA. ITpu neekom mevenuu bA ommeuenwi
OMKAOHEHUS. 3PUMPOUUM-MEeMPUHEeCKUX NOKA3ameneil: CHux3ceHue cpeo-
Heeo duamempa spumpouuma (C32) do (6,95 + 0,04) mxm na ghone co-
XpaneHusi peghepeHcHo20 OUanasona 3Ha4eHull cpeoHeeo 00seMa KAemKu
(MCV) (83,9 £ 1, 2) mm’. Y 6onbrbix ¢ meuenuem bBA cpedueii cmenenu
msaxcecmu Habadarucy 6onee 8vipadceHHvle cosueu Moppomempuye-
CcKUX nokazameneli: cHujcenue cpeonezo ouamempa (5,88 * 0,05) mkm)
u copepyasyus spumpoyumos (80,9 = 1,1) mm’). Ilpu maxcenom meue-
nuu BA na gone 3navumenvroeo cHudcenus duamempa KpacHbixX KAemox
kposu (4,12 £ 0,02) mkm) ommeuena meHOeHYUs K CHUICEHUI) UX 006-
ema (71,2 = 1,1) mm?).

Yepes 10 nem kapmuHa cyuwecmeeHHo He MeHANACh. Dpumpoyumol
y nayuenmos ¢ BA neekoeo meuenus npakmuuecku He OMAUMANUCH
no mopgomempuueckum napamempam om koumpoas: CI3 — (6,88 +
0,04) mkm, MCV — (85,2 = 1,1) mm’. YV 60avnoix ¢ mewenuem bA cped-
Hell cmeneHu mscecmu npoucxoouna mendenuyus k yxyouenuro: C/[9 —
(4,12 £ 0,02) mxm, MCV — (70,9 = 1,1) mm’. YV 6onvhbix ¢ maxceavim
meuenuem BA npoucxoduru docmogepnvie usmenenus: C/A3 — (2,15 +
0,01) mxm, MCV — (61,3 = 1,0) mm’. Ilpu 60aee demanvhom paccmo-
MpeHuU yCmaHosAeHo, 4mo y nayueimos ¢ bBA neekozo mevenus mopgo-
A02UMeCKas KapmuHa 3pumpoyumapHo20 36eHa NPAKMU4ecKy He Omau-
uaemcst om 300p0BbIX, A UMEHHO: HopMmogopmbl (Ouckouyumsr) — (84,9 +
1,5) %, axunoyumovr — (3,2 £ 1,1) %, muwenesudnvie knemku — (5,2 £
0,5) %. Coscem Opyeas kapmuna Habawdaemes y 60abHbix BA cpednei
cmenenu mscecmu.

Yucno nopmopopm cocmasuno (53,8 £ 1,2) %, sxunoyumos —
(15,8 £ 1,1) %, muwenesuonvix kaemox — (13,5 = 0,5) %, decene-
pamughbix spumpouyumos — (16,9 = 0,8) %. Y 6oasnbix ¢ maxcenoi
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KPOBI Y XBOPUX HA BPOHXIAJIbHY ACTMY HA ®OHI
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OWHAMIYHOMY CMOCTEPEXEHHI
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MeTta npoBeneHoi PoOOTH: docaidxceHHs 3MiH, ujo 8i00yeamMvCs
6 mMopoaoeiuniit cmpykmypi epumpoyumie npu OpoHXianvHill acmmi
(bA) 3anexncno 8id msxckocmi nepebicy 3axX80pH8aHH NPU MPUBANOMY
OUHAMIYHOMY CROCIEpPeNCeHH] Ha MAi CMAHOAPMHO20 NIKYBAHHSL.

Marepiaau i meromu. byao oocmedncero 165 xeopux na bA'y ¢asi pe-
Mmicii 3axeopiosanns, cepeoniii ik (36,8 = 5,8) poxy. B npoueci cnocme-
peoicertss xeopi 6yau posoineni na 3 epynu: 70 (42,4 £ 7,8) % — xeopi
3 neekum nepcucmyruum nepebdicom, 55 (33,3 + 3,7) % — xeopi 3 ce-
peonim cmynenem msayckocmi i 30 (18,2 = 3,8) % — 3 eaxuckum ne-
pebieom. Yci xeopi 6yau y cmadii pemicii 3axeoprosanus. Jlocaioxncenns
Mipu degpopmayii epumpoyumie Kpogi nPOBOOUAUCH 3 BUKOPUCMAHHAM
Memody Kpaiiogoi deciopamauii 6ionoeiunux piouH i 3a 0onomoeor eaex-
mponnoeo mikpockona NU 2 gipmu VEB Carl Zeiss 3 gpomocucmemoro
MPS 60 i i3 3acmocysannsm npoepamu BioVision. Jocrioxncenns een-
MUAAYIGHOT QYHKYIT Aecenie nPpoB0OUAOC YCIM X8OPUM 34 OAHUMU CRi-
poepamu aHanizy Kpueoi «nomiK—oo em» hopcosanoeo auouxy i 3aeanv-
Hoi naemusmoepaghii mina na anapami Master Scope i MasterScreen
BodyDiff ¢ipmu Erich Jaeger (Himeuuuna). Junamiune cnocmepe-
JiceHHs npogodunocs enpodosxc 10 pokie. Pezyasbmamu epaxosysanucs
pas Ha 5 pokie, Koau nauicum 3Haxoouecs 6 pemicii bA. Cmamucmuuna
00poOKa OMpUMAaHuX OAHUX GUKOHYBAAACA 34 ONOMOOK) AIUECHIIUHUX
npoepamHux npooyKmis, wo 6xodsams 6 npoepamuuii nakem Microsoft
Office Professional 2000 na nepconanvhomy komn omepi IBM Celeron
6 Excel [26, 27].

Pesynbratu. 3eiono 3 ompumanumu danumu, mopgonoeiuni napame-
mpu epumpoUUmMapHux KAIMuH y X0pUx 3MIHIOIOMbCA 3AA€JCHO 8i0 cmy-
neuss maxckocmi BA. Ilpu neekomy nepebicy BA eiomiveni gioxunenHs
epumpouUm-MmempudHUX NOKA3HUKIG — 3HUNCEHHs cepedHboeo diame-
mpy epumpoyuma 0o (6,95 * 0,04) mxm na mai 36epexcenns pegpe-
PEHCHO20 0iana3oHy 3Ha4eHb cepedHboeo 00°emy Kaimunu (83,9 = 1, 2)
mm3. YV xeopux 3 nepebicom BA cepednboeo cmynens maxckocmi cho-
cmepieanucs 6inbl @uUpadiceri NOPYUIeHHs MOPGHOMEMPUHHUX NOKAZHU-
Kig: 3HUJICeHHs cepednboeo diamempy (5,88 = 0,05) mxm) i chepyrauyis
epumpoyumie (80,9 * 1,1) mm3). Ilpu maxckomy nepebicy bA na mai
3HAYHOO 3HUMNCCHHS diamempy 4epeoHux Kaimuwu kposi (4,12 = 0,02)
MKM) giomivena menoenyis 0o 3HuxicenHs ix 06°emy (71,2 £ 1,1) mm3).

Yepes 10 pokie kapmuna icmomHo He minsaacs. Epumpoyumu xeo-
pux Ha BA aeekoeo cmyneHns npaKkmu4Ho He GIOPI3HAAUCS 3a MOphome-
mpuunumu napamempamu 8io koumponio: CIAE — (6,88 £ 0,04) mkm,
MCV — (85,2 = 1,1) mm3. YV xeopux 3 nepebicom bA cepednvoco cmy-
nemst mayckocmi eiodyeanacs mendenyis 0o nocipwenns: CAE — (4,12
0,02) mxkm, MCV — (70,9 £ 1,1) mm3. Y x6opux 3 msaxckum nepebicom
bA sidoysanucs docmosipi 3minu: CAE — (2,15 £ 0,01) mxkm, MCV —
(61,3 £ 1,0) mm3. [lpu demanvhiwomy po3easnodi 6cmano8AeHo, ujo y X60-
pux Ha BA neekoeo cmynens mopgonoeiuna kapmuna epumpoyumapHoi
NAHKU NPAKMUYHO He Gi0pi3HAAacs 6i0 300posux, a came HOPMOGopmu
(Ouckoyumu) — (84,9 * 1,5) %, exinouumu — (3,2 £ 1,1) %, miwene-
nooioni kaimunu — (5,2 = 0,5) %. 3o6cim inwa kapmuna cnocmepiea-
aace y xeopux Ha BA cepednboeo cmynens msajckocmi.

Yucno nopmogpopm cknano (53,8 £ 1,2) %, exinoyumie — (15,8 =
1,1) %, miwenenodionux kaimun — (13,5 £ 0,5) %, uucao decenepa-
muenux epumpouyumie — (16,9 £ 0,8) %. Y xeopux 3 easxckoro gop-
Mmoo BA 3minu 6 mopgonoeiuniic cmpykmypi epumpouumie oyau Ginvu
supaxnceni, a came: uucio Hopmogopm ckaaro (46,0 = 0,9) %,




gopmoii BA usmenenus 6 mopgosoeuueckoil cmpyKkmype 3pumpouyu-
moe Ovlau Gonee Gbipadicervl, A UMEHHO: HUCAO HOPMOGOPM cocma-
6uno (46,0 = 0,9) %, sxunoyumos — (17,5 = 1,2) %, muwienesuonvix
xaemox — (16,7 £ 0,5) %, Oeecenepamuenvix 3pumpoyumos —
(19,3 £ 0,9 %.

Yepes 10 nem y nayuenmog ¢ bA neckoeo meuenus cyuyecmeeHHvix
usMeHeHull He Habardanocy, y 6oabHbix BA cpedneii cmenenu msice-
cmu NpouUCxoouno yMmeHvuleHue Koauvecmea Hopmogopm do (47,1 +
1,0) %, codepacanue axunoyumoe eozpacmano do (16,8 £ 0,3) %,
Mmumweneguonvix — do (14,5 = 0,6) %, uuciro deeenepamuenvix spu-
mpoyumog yseauuusanocsv 0o (21,3 * 1,2) %. Y nayuenmos ¢ msice-
s0ii BA nabarodanocs ymenvuerue koauvecmea Hopmoghopm do (36,7 +
0,5) %, Koauwecmeo s3xunouumos eozpacmano 0o (18,4 = 0,8) %, mu-
wenesudnvix — 0o (21,8 + 0,9) %, decenepamughvix 3pumpoyumos —
do (23,0 = 1,2) %.

BoiBoapl. B pesyavmame npoeedennoli pabomol énepgvie Obiau UC-
cnedosambl U OueHeHbl 6 OUHAMUKe U3MEHeHUs 6 MOppoaoeu4eckoll
cmpykmype 3pumpoyumos kposu y nayuenmos ¢ bA é sagucumocmu
om msxcecmu meuenHus: 3a001€6aHuUs HA (hOHe CMAHOAPMHO20 NeHeHUs.
6 meueHue ONUMENbHOO OeCIMUNeMHe20 OUHAMUHECK020 HAONOeHUS.
Hawu uccaedosanus nokasaau, umo meuenue bBA conpoeoscdaemcs
CMAOUIHBIMU U3MEHEHUSMU MOPHOA0UMECK020 NPOPUS IPUMPOUUMOS
6 3asucumocmu om cmenenu msjcecmu 3aboneseanus. Komnencamopras
peaxkuyusi co CMOPOHbl KPACHOU Kpogu 6 eude cepyrsiyuu Kiemox
6 omeem Ha NepcuCMupoganue GPOHXUANLHOU 00CMPYKUUU NPUEOOULA
6 onpedeneHHOll cmeneHu K HUBEAUPOBAHUI) SUNOKCUYECKUX U UUPKYAS-
MOPHBIX COBU208 8 OpeaHU3Me, CO30a8as NPU GMOM NPEONOCHIAKU K ne-
DEHAnPANCeHUI0, UCIOWEHUIO IPUMPOUUMAPHOL CUCIEeMbl 68 peeyAAyuU
MEJNCKACMOYHBIX KOONEPAMUBHBIX 83AUMOOCLICMBUL, MAKCUMANLHO 6bl-
pasiceHHvIx npu msaxceaom mevenuu bA.

KitoueBbie ci10Ba: OpoHxuanbHas acmma y 63pocasix, peoiouyeckue
ceoiicmea Kposu, MOPHODYHKUUOHANbHbIE XAPAKMEPUCIUKU IPUMPO-
Yumoeg Kposu.
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exinouyumie — (17,5 £ 1,2) %, mimenenodionux kaimun — (16,7 +
0,5) %, uucno decenepamusnux epumpoyumie — (19,3 £ 0,9) %.

Yepes 10 pokie y xeopux na BA neekoeo nepebiey icmomHux 3min
He cnocmepieanocs, y xeopux Ha BA cepednvoeo cmynens maxckocmi
6i00yeanocs snudxcenns Hopmogopm do (47,1 £ 1,0) %, kinvkicme exi-
Hoyumie 3pocaa 0o (16,8 * 0,3) %, miwenenodionux — do (14,5 =
0,6) %, uucao decenepamugnux epumpouumie 30insuunocs do (21,3 +
1,2) %. Y xeéopux 3 maxckoro BA cnocmepieanocs 3HudiceHHs: HOpMOGOPM
do (36,7 = 0,5) %, kirvkicmos exinoyumie 3pocia do (18,4 = 0,8) %,
Mmiwenenodionux — do (21,8 + 0,9) %, uucao deeenepamugnux epumpo-
yumie 30invuunocs do (23,0 £ 1,2) %.

BucHoBku. B pezyabmami nposederoi pobomu ynepuie 6yau 0ocai-
donceni | oyineni 6 OuHamiyi 3miHu 6 Mopgonoeiunii cmpyKkmypi epu-
mpoyumie kposi y xeopux Ha BA 3anexncno 8i0 msxckocmi nepebiey 3a-
XGOPI0BAHHA HA MAI CMAHOAPMHO20 NIKYBAHHA 8NPOO0BIC MPUBANOO
decssmupiunoeo OuHamiunoeo cnocmepexcenns. Hawi docaioucenns no-
Kazaau, wo nepedie bA cynposodcysascs cmadiitnumu 3minamu mop-
honoeiurHo2o0 npoghinto epumpoyumie 3a1eicHo 8i0 CMyneHs maicKocmi
3axeoprosanns. Komnencamopna peaxuis 3 060Ky 4ep8oHoi kposi y eu-
2na0i cepyaayii Kaimun y 6i0nosiov Ha nepcucmy8anHs OPOHXIANbHOT
00cmpyKUii npu3600una neeHor Mipor 00 Higeasyii 2INOKCUMHUX | yup-
KYASSMOPHUX 3pYUleHb 8 0peaHizmi, CMEOPIOKUU NPU UbOMY nepedymosu
00 nepeHanpydcenHsl, BUCHAIICCHHS epUMPOYUMAPHOI cucmemu 8 peey-
NAYET MIXCKATMUHHUX KOONEPAMUBHUX 83AEMOOIll, MAKCUMANbHO 8UPa-
HceHux npu msajckomy npebiey bA.

KmwouoBi cnoBa: oporxiarbha acmma y 0opocaux, peonoeiuni ena-
cmueocmi Kpogi, Mop@OoDYHKYIOHANbHI XapaKmMepUucmuku epumpoui-
mie Kpogi.
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