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Summary. The aim of the work: to study and evaluate the influence of the control of the course of bronchial asthma on
the biophysical characteristics of red blood cells.

Materials and methods: 165 patients with asthma in the phase of remission of the disease were examined. The diagnosis
was made according to the medical history, clinical symptoms, parameters of external respiration, reversibility of airway
obstruction to bronchodilatators. The selection of patients was conducted in accordance with the Order No. 128 of the
Ministry of Health of Ukraine dated March 19, 2007 "On the Approval of Clinical Protocols for the Provision of Medical
Aid in the Specialty "Pulmonology”. As a control, 30 healthy volunteers were examined, but not those who had a severe,
clinically significant pathology. All patients received standard basal therapy of the remission period, including inhaled
corticosteroids, as well as a short-acting 3,-agonist to reduce asthma symptoms. In the follow-up, patients were divided
into 3 groups: 50 (30.3 £ 3.8) % 60 (37.5 £ 3.5) % — patients with partially controlled asthma and 55 (33.3 + 3.8) % —
with severe uncontrolled asthma. The study of the degree of deformation of erythrocytes was carried out with using the
method of boundary dehydration of biological fluids and using the electron microscope "NU 2" of "VEB Carl Zeiss"
company with photographic system MRS 60 and using BioVision program, the study of the ventilation function of the
lungs was performed in all patients according to the spirographic analysis of the flow-volume curve and general
plethysmography of the body on the Master Scope and MasterScreen BodyDift from Erich Jaeger (Germany). Dynamic
observation was conducted for 10 years. Statistical processing of the received data was performed using licensed software
products included in the Microsoft Office Professional 2000 software package on the IBM Celeron personal computer in
Excel. After 10 years in patients with asthma the most significant change was observed in patients with moderate BA:
normocytes decreased (47.1 = 1.0) %, echinocytes increased (16.8 £ 0.3) %, target cells increased (14.5 = 0.6) %, the
number of generative forms of erythrocytes increased (21.3 £ 1.2) %. In patients with severe asthma level of normocytes
decreased (36.7 + 0.5) % echinocytes increased (18.4 + 0.8) %, target cells — to (21.8 + 0.9) %, the number of degenerative
erythrocytes increased to (23.0 + 1.2) %.

Conclusions. As a result of this work, for the first time changes in the morphological structure of red blood cells in patients
with bronchial asthma were studied and compared, depending on the control of the course of the disease with standard
treatment for a long ten-year dynamic observation. Our studies confirm that the course of the BA is accompanied by a
staggering change in the morphological profile of the erythrocytes, depending on the degree of disease control. The
compensatory reaction of the part of the red blood in the form of rounding cells in response to the persistence of bronchial
obstruction led to a certain extent to the leveling of hypoxic and circulatory shifts in the body, while creating prerequisites
for strain, depletion of the erythrocytic system in the regulation of intercellular co-operative interactions, maximally
expressed with severe course of asthma. In addition, the erythrocytic membrane is a sensitive factor, indicating that it may
be an indicator of the risk of loss control even in the absence of clinical symptoms in the remission of the disease. Taking
into account the received data, in the future, it is necessary to improve the methods of diagnosing the risk factors of loss
control of asthma in view of the results obtained.
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BIUIVB KOHTPOJIbOBAHOCTI ITEPEBITY BPOHXIAJIbBHOI ACTMU HA BIO®I3UYHI
XAPAKTEPUCTUKHN EPUTPOLINTIB KPOBI ITPY1 TPMUBAJTIOMY IMMHAMIYHOMY
CIIOCTEPEKEHHI

Kypux JI. M.

Pestome. Mema nposederoi pobomu: FOCTIIKEeHHs Ta OLHKA BIUIMBY KOHTPOIbOBAHOCTI Iepebiry 6poHxianbHOI acTMu
(BA) Ha 6io¢isnyHi XapaKTepUCTUKY ePUTPOLUTIB KPOB.
Mamepianu ma memoou. Byno obcresxeHo 165 xBopux Ha 6poHxianbHy acTMy B (asi pemicii 3axBoproBanns. [Ipu mocra-
HOBIIi iarHO3y BPaXOBYBaBCs aHAMHe3, KIiHIYHI CHMOTOMY, IOKa3HMKY (QyHKIi 30BHIIIHbOrO AyxaHHsd, [loBepHeHH:
obcrpykuil B mpo6i 3 6ponxonitikamu. Binbip xsopux nposopyscs BifnosigHo Hakasy Ne 128 MO3 Ykpainu Big 19.03.2007
p "TIpo 3aTBepmKeHHs KIIHIYHMX IPOTOKO/IIB HaTaHHS MeJUYIHOI JOIIOMOTH 3a CIelia/IbHICTI0" IIybMOHOIOrIA". B sxocTi
KOHTpOIo Oyimy ob6cTexxeHi 30 30pOBYX FOOPOBOJBIIIB, @ He May BaXKoI KIiHIYHO 3HavyIoi matosorii. Bei xBopi otpu-
MyBa/Ii CTaHAAPTHY 6a3lCHY Teparilo Iepiofy peMmicii, BKIro4ana sacrocyBanns inramaniiinol I'KC, a takoxx B2-aronict
KOPOTKOI Jil /I 3MEHIIIeHHs CUMIITOMIB acTMIL. Y TIpOLieci CriocTepexxeHHs XBopi Oy poszineHi Ha 3 rpymu: 50 (30,3 +
3,8) % — XBOpi 3 KOHTPOIBOBAHNM IIepebiroM 3axBoproBaHHsA, 60 (37,5 + 3,5) % — XBOpi 3 YACTKOBO KOHTPO/IbOBAHNUM
nepe6irom BA 155 (33,3 + 3,8) % — i3 BOXXKMM He KOHTPO/MOBaB nepebirom. JJocmipkeHHs cTyneHs gedopMalii epuTpo-
LIUTIiB KPOBI IIPOBOAVINCE i3 BUKOPUCTAHHIM METOLY KpaitoBoi erinparariil 610/I0Ti4HMX pifyH i 3a JOIIOMOTOI0 eTIeKTPOH-
Horo Mikpockona "NU 2" ¢pipmu "VEB Carl Zeiss" 3 ¢porocucremoro MPS 60 i 3 3acrocyBanHsaM nporpamu «BioVision».
JocmimxeHHs: BeHTWIALIHOI QYHKIII /TereHb IIPOBOAMIOCS BCIM XBOPKM 3a HAHMMM CIIipOrpaMiy aHasIi3y KpyUBOl 'TOTIK-
06'eM" popcoBanoro BuaNxy i saranbpHoi eTr3morpadii Tina Ha amapari «Master Scope» i «MasterScreen BodyDift» gipmu
"Erich Jaeger" (Himewunna). [InHaMiuHe cIIoCTepe>XeHHs IPOBOAMIOCS npoTsaroM 10 pokiB. Cratnctiyna o6pobka oTpu-
MaHJX JAHUX BMKOHYBajacsA 3a JOIIOMOIOIO JilleH3iffHMX IPOTPaMHUX IPOAYKTIB, IO BXOAATb B IPOTPaMHMII IaKeT
Microsoft Office Professional 2000 poxy Ha mepconanbHomy Komir totepi IBM Celeron B Excel.
BucHosxu. B pesynbrati mpoBefeHol poboTy BIiepiie 6y FOCTIIKeH] Ta HOPIBHAHI 3MiHM MOPQOIOTiYHOI CTPYKTypH
epUTPOLIUTIB KPOBi y XBOPMX Ha OpOHXIa/lIbHY aCTMY, B 3a/IEXKHOCTI Bifi KOHTPO/IbOBAHOCT] ITepebiry 3aXBOpIOBaHHS Ha T
CTaHJAPTHOTO JIIKyBaHH: IIPOTATOM TPUBAJIOTO JIECATUPIYHOTO JMHAMIYHOTO CIIOCTepeKeHHs. Hai focmifykeHHs nokasa-
mm, 1o nepebir BA cynmpoBOmKY€eTbCs CTamifiHMMM 3MiHaMy MOP(OIOTiqHOro NMPOQiI0 epUTPOLNTIB, B 3a/IEXKHOCTI Bif
CTYIIeHs1 KOHTPOJIIO 3aXBopioBaHHs. KoMneHcaTopHa peakiis 3 60Ky 4epBOHOI KpoBi y BUI/LAAL chepysLii KIiTuH y Bigmo-
Bifjb Ha IIepCUCTUPYBaHHs OPOHXiaIbHOI OOCTPYKIl IPM3BOAMIIA KO HiBEMTIOBAHHSA TiIIOKCEMIYHMX i UMPKYIATOPHUX 3pY-
IIEeHb B OPraHi3Mi, CTBOPIOIOYM IPY LbOMY II€PefyMOBM [O IEPEHANPYIM Ta BMCHAXEHHS epUTPOLUTAPHOI CHCTEMM B
pery/sinii MDKKIITMHHIX B3a€MOfilT, MaKCUMalIbHO BUPaKEHUX IIpU TsDKKoMy mepebiry BA. Kpim Toro, epurpountapHa
MeMOpaHa € YyTIMBUM (aKTOPOM Ta MOKA3YE, M0 MOXKe OYTI IIOKasHUKOM PU3UKY BTPATU KOHTPOJIIO HAaBiTb IIPU BifICyT-
HOCT] K/TiHIYHOI CMMITOMATHKY B PeMicil 3aXBOpIOBaHHA. 3 OIJIAY Ha OTPMMaHi aHi, B IOAANBIIOMY, HEOOXiZHO YEOCKO-
HAJIIOBATI CIIOCOOM HiaTHOCTUKY (PaKTOPiB PUUKY BTPATV KOHTPOIbOBAHOCTI BA 3 ypaXyBaHHAM OTPUMAaHUX Pe3y/IbTaTiB.
Knwouosi cnosa: 6ponxianpHa acT™a, 6i0¢isnydHi XxapaKTepUCTUKM ePUTPOLUTIB KPOBi, KOHTPO/IbOBAHICTb.
Kypux Jleca Muxaiiniena
Cmapuwiuii Haykosuti cnigpobimuux 6i00ineHHs nymrvmoHOon0eil
AY “Havyuonanvruil incmumym dmusiampii i nynomononoeii im. O. I. Anosckozo HayuonanvHoi
akademii meOuHHUxX HAYK YKpainu,
10, syn. M. Amocosa, 03038, Kuis, , fax: 380 44 275 3021 lkurik@gmail.com
Actma Ta Anepris , 2019, 1, P. 15-21.

Bronchial asthma (BA) still remains not only incur-
able, but also a complexly controlled disease, a real chal-
lenge for modern medicine. It is worth recognizing that
asthma remains one of the most urgent medical and
social problems of the present, due primarily to the
extremely high prevalence of this disease. So, according
to The Global Asthma Report, there are at least 334 mil-
lion people affected by asthma, which is about 5 % of the
inhabitants of our planet [4].

In clinical practice, the concept of a phenotype and
an endotype of BA is being increasingly implemented,
which should be taken into account when choosing a
treatment regimen to achieve control of the course of
the disease. Key characteristics in the selection of certain
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BA’s phenotypes are the clinical picture (age disease
onset, triggers, severity, concomitant pathology) and the
type of respiratory inflammation (eosinophilic, neutro-
philic, or paucigranulocytic.)

All these criteria together may be estimated by
so-called cluster analysis. There are 5 clusters of BA in
adults, and each patient can be attributed to only one of
them. For the determination of clusters, it is necessary to
consider both clinical and biological parameters. Among
the BA biomarkers used for quite a long time, the con-
tent of nitrogen oxide in exhaled air, the number of
inflammation cells (eosinophils, neutrophils) in induced
sputum, the level of eosinophils and IgE in serum
should be noted. Relatively new and interesting bio-
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marker of eosinophilic inflammation is periostin — a
component of the extracellular matrix released by res-
piratory fibroblasts in response to the effects of IL-13
and IL-4 [1].

An endotype is a subtype of a disease characterized
by a unique or distinct pathophysiological (pathogenet-
ic) mechanism, which largely determines the response
of patients to therapy [16, 18, 19]. Thus, there are:

1) allergic asthma: eosinophilic, Th2-induced
inflammation, with glucocorticosteroid (GCS) sensitivi-
ty, with anti-IgE sensitivity, with interleukin-5 (IL-5)
sensitivity, with anti-IL-4 / IL-13 sensitivity, with sensi-
tivity to allergen-specific immunotherapy (ASIT);

2) endogenous BA: eosinophilic, neutrophilic, asso-
ciated with autoantibodies / superantigens, with suscep-
tibility to GCS, with resistance to GCS;

3) neutrophilic BA: with the activation of congenital
immunity, with increased survival of neutrophils, with
resistance to GCS, with anti-oxidant / macrolide suscep-
tibility, with anti-TNF-a sensitivity (tumor necrosis
factor-a);

4) aspirin-induced BA: eosinophilic, with a violation
of the metabolism of eicosanoids / sensitivity to leukot-
rienes C4, D4, E4, with sensitivity to GCS, with sensitiv-
ity to anti-leukotriene drugs;

5) asthma with respiratory remodeling: with diffuse
remodeling, with activation of endothelial-mesenchy-
mal transformation (EMT), etc. [1, 2].

According to GINA criteria (2014), achievement of
complete control of asthma implies:

- absence of daily symptoms or occurrence of attacks
twice or less per week;

- absence of restriction of physical activity during the
day; absence of asthma symptoms, which make you
wake up at night;

- absence (or < 2 times a week) of the need for symp-
tomatic treatment;

- normal or close to normal pulmonary function;

- no exacerbations.

However, despite all the advances in modern phar-
macotherapy, even in the USA and Western Europe, the
level of adequate asthma control is low (only 8 to 30 %),
and the percentage of patients with uncontrolled asthma
varies from 40 to 67 % in different countries [3].

The role of erythrocytes in the pathogenesis of asth-
ma is actively studied for many years. The huge patho-
genetic value of the state of the erythrocytic membrane
is shown. The erythrocyte model is generally accepted,
well-tested and widely used to study the membrane-re-
ceptor characteristics of cells, not only in pulmonology.
In essence, the lungs are the largest biological mem-
brane of the body. Its outer surface is represented by the
alveolar epithelium and surfactant, and the inner surface
of this membrane is lined with endothelial cells of the
pulmonary capillaries. The aero-hematic barrier of this
membrane is provided by the structural organization of
membrane lipids. The cells of the alveolar epithelium
and the endothelium of the pulmonary capillaries, as
well as the erythrocyte membrane, are among the first to
perceive information on changes in external conditions
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and the state of the internal environment of the organ-
ism. Depending on the control of the disease, the
patient’s body produces a different adaptive response
(increased heart rate, cardiac output, respiratory rate
and respiratory volume, ejection of catecholamines, cor-
tisol and other biologically active substances, changes in
temperature, pH of blood and mucous membranes),
actively changes not only microenvironment of alveolo-
cytes, endothelial cells and red blood cells, but also, first
of all, the state of their membranes [5].

Thus, the key role in the perception of changes,
depending on the controllability of the course of bron-
chial asthma, as well as in the formation of an adequate
adaptive response, belongs to cell membranes of red
blood cells, endothelial cells, and cells of the alveolar
epithelium [6].

The universal defect of the perception and transmis-
sion of an information signal by the cell leads to patho-
logical changes at different levels of the functioning of
the broncho-pulmonary system, depending on the con-
trol of the course of the disease, which is connected to
the relevance of the study [7, 8, 9].

The main purpose of the work was to determine and
assess the effect of controlling the course of bronchial
asthma on the biophysical characteristics of red blood
cells [10-13].

Materials and methods

165 patients with asthma were examined in the
phase of remission of the disease, middle age (36.8 + 5.8
years). The diagnosis was made according to the medi-
cal history, clinical symptoms, parameters of external
respiration, reversibility of airway obstruction to bron-
chodilatators. The selection of patients was conducted
in accordance with No. 128 of the Ministry of Health of
Ukraine dated March 19, 2007 «On Approval of Clinical
Protocols for the Provision of Medical Aid in the
Specialty “Pulmonology”» [19]. As a control, 30 healthy
volunteers who had no serious clinically significant
pathology were examined, with an average age of 38.5 +
6.5 years. All patients received standard basal therapy of
the remission period, which included the use of an
inhaled corticosteroids, as well as a short-acting {3, ago-
nist to reduce asthma symptoms.

During the observation, the patients were divided
into 3 groups: 50 patients (30.3 £ 3.8) % — with con-
trolled course of the disease, 60 patients (37.5 £ 3.5) % —
with partially controlled course of asthma and 55 (33.3 +
3.8) % — with severe uncontrolling course. All patients
were at the stage of remission of the disease. As a con-
trol, 30 healthy volunteers with no clinically significant
pathology were examined, with an average age of (52.3 +
6.2) years. All patients received standard basal therapy
of the remission period, which included the use of an
inhaled corticosteroids, as well as a short-acting {3,-ago-
nist to reduce asthma symptoms.

In the course of the study, the relative charge of the
membrane (VZME) and the relative gradient membrane
potential (VGMP) of the erythrocytes (ER), the total
number of erythrocytes * 10 /1, Hb (g/1), the character of
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the liquid crystal lattice of blood serum were evaluated,
and the count of pathologically altered morphostruc-
tures erythrocytes in peripheral blood with determina-
tion of erythrocyte deformation degree (EDD), taking
into account the level of blood saturation with the defini-
tion of SaO,. The study of relative gradient membrane
potential of erythrocytes was carried out with the help of
the ionometer “OR-264/1" (Hungary). Determination of
the relative charge of red blood cells was carried out with
the help of mathematical calculations [19, 20]. Sorption
capacity of erythrocytes (SCE) was determined using a
dye — methylene blue. Units of measurement — per-
centages (%). The amount of methylene blue, bound to
the cells (Cb), the amount of remaining dye in the solu-
tion (Cbs) was determined, which allowed to calculate
the distribution of methylene blue between the cell and
medium (Q). The values — of the coefficient Q were
determined by the formula: Q = Cb / Cbs = (Vc / Ve)
(Do-Dk) / Dk, where Do and Dk are the optical density
of the methylene blue solution before and after the red
blood cells incubation. Investigation of the degree of red
blood cell deformation was carried out using the method
of boundary dehydration of biological fluids and using
the electron microscope “NU 2” of VEB Carl Zeiss with
photosystem MRS 60 [20]. The degree of deformation of
erythrocytes was determined according to the scale: 0 —
no deformation; 1 — 10 %-29 % of erythrocytes defor-
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med; 2 — deformed 30 %-69 % of red blood cells; 3 —
deformed 70 % or more red blood cells [25].

All patients underwent a spirography with an analy-
sis of the flow-volume curve of forced exhalation and a
total plethysmogram of the body in the kit for the study
of the “Master Screen Pneumo” respiratory system, SN
511263, 2007, and Master Screen PFT apparatus
“Cardinal’s Health” (Germany). The following parame-
ters were studied: vital capacity of the lungs (VC), forced
vital capacity of the lungs (FVC), volume of forced exha-
lation for 1 sec (FEV ), maximum volumetric expiratory
rate at 25 %, 50 %, 75 % of vital capacity of the lung
(MEF; %, MEF,; %, MEF . %), peak expiratory flow
(PEF), total bronchial resistance (Rtot), total lung capac-
ity (TLC), residual volume of lungs (RV), expiratory
reserve volume (ERV), Capacity of inspiration (IC). The
study was conducted in the morning, after a 12-14 hour
break in the administration of drugs [15]. The spiromet-
ric indices were reflected in percentages to the proper
values and assessed the dynamics of obstructive viola-
tions over a ten-year observation period (FOP).
Additionally, the index of FEV, decline (ID) during the
observation period by the formula: ((absolute index of
FEV, beginning of observation) — (absolute index of
FEV, end of observation)) x 100 % / absolute index of
FEV, beginning of observation. The statistical process-
ing of the data obtained was performed using the

Table 1. Indicators of pulmonary volumes, capacities, bronchial patency in patients with asthma with varying degrees of control of
the course of the disease at the beginning of the observation (M + m)

Parameters Healthy Controlled BA (Group I) Partially ?S:];Lcéjllel)d asthma Uncontrolled BA
(group I11) (n=50) (n =60) (n=55)
R tot. % 102.2+19.2 104.8 +15.2 1446 +17.2 198.2 + 12.5°¢
1C. % 1188+ 6.4 1036 £5.2 93.7 + 5.4¢ 91.1 £ 31
VC - % 1023 +5.2 1004 £ 6.9 96.1 £4.5 852+44
ERV. % 102.2+£7.5 1022+7.5 98.7+£5.2 783 +4.1°*
RV. % 91.8+£8.2 96.2+7.1 88.2+6.5 1302 +7.2°¢
ITGV. % 97.5+6.2 98.3+8.2 101.5+4.2 1134+52"
TLC. % 1023 +8.2 1014173 106.3+5.2 1083 +5.3
FEV,.% 89.7 £3.5 85.6 £5.5 68.2 +3.6" 549 +42"
FVC. % 923+25 93.1+24 782 +1.3% 729+2.0
FVC. abc. 23+1.2 29+14 21+£1.2 31+£1.2
FEV,. n 29+1.2 28+15 22+0.1 26+0.2
FEV, /VC ax- % 88.6 £4.5 869+43 83.6+28 67.6 +4.8™*
FEV,/FEV, % 879+6.6 86.7 £5.9 72.1+4.8 69.1 +4.8"
MEF .. % 724+ 4.2 732+42 51.3+3.1% 323+2.1%
MEF . % 63.2+49 594 +4.2 41.2+24.2% 28.1+22"
MEF .. % 414+£22 398+1.3 283 +1.2¢ 224+13
PEF. % 83.5+3.6 83.7+3.6 69.8 + 1.5% 553 +2.1"*
DLCO. % 85.9+4.1 86.5 4.1 783 +2.1% 683 +22"
KCO. % 87.3+6.2 858 +5.2 72.1+5.6" 66.3 +2.2"
VA. % 103.5+4.6 101.8 +4.7 96.4 + 3.2 88.3+22"
Vi % 111.8+£3.5 1103 +£3.2 97.3 £3.2% 93.5+3.2"
FRC. % 1064 +5.3 104.8 + 4.4 96.2 +3.2 84.4+26"

Notes: # — statistically significant difference between the I and II groups (p < 0.05); * — statistically significant differences between I and III groups (p < 0.05);

¢ — statistically significant differences between II and III groups (p < 0.05).
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Table 2. Indicators of pulmonary volumes, capacities, bronchial patency in patients with asthma with varying degrees
of control of the course of the disease in dynamics (M + m)

Controlled BA (Group 1) Partially controlled asthma (group II) Uncontrolled BA

Indices The first year of 10 years‘of The first year of 10 years of observation The first year of 10 years.of

observation observation observation observation observation
(n =50) (n =60) (n =55)
R tot. % 104.8 £ 15.2 1034 £ 14.2 1446 £ 17.2 1384 +£16.2 198.2 + 12.5*¢ 202.4 + 13.87*%

1C. % 103.6 £5.2 101.8+5.2 93.7 £ 5.4¢ 90.7 +£3.2¢ 91.1£31 89.7+3.2

VC yax- % 1004 £ 6.9 102.2+5.3 96.1 £4.5 94.1+3.8 852+44 81.1+3.2
ERV. % 1022+7.5 103.2+7.2 98.7+5.2 93.9+6.1 783 +4.1"* 72.6 £ 2.3"&
RV. % 96.2+7.1 97.3+6.2 88.2+6.5 955+59 1302 +7.2° 168.3 +7.8"*
ITGV. % 98.3+8.2 975+6.3 101.5+4.2 1025+43 1134 +52" 1216 +5.1"
TLC. % 101473 102.6 + 8.6 106.3+5.2 108.8 + 6.1 1083 +5.3 115.3 £52.3
FEV,. % 856+5.5 87.3+6.6 68.2 + 3.6* 65.2 + 4.2* 549 +42" 50.2 £ 2.5%
FVC. % 93.1+£24 952+23 782 +1.3% 74.2 + 1.5 729+2.0 70.3 +2.0%

FEVg. n 29+14 26+13 21+1.2 20+0.2 3.1+1.2 2.2+032
FEV, /VC . % 86.9 +4.3 85.3 + 4.1 83.6+2.38 822+25 67.6+ 48 60.5 + 2.3"4&
FEV,/FEV, % 86.9 +4.3 85.6 + 4.8 83.6+2.8 783 £45 67.6+ 48 534+613
MEF .. % 86.7 £5.9 826 5.2 721 +48 69.3 £4.2 69.1 +4.8" 543 +3.7°*
MEF . % 594 +4.2 60.8 £ 5.1 41.2+24.2% 39.5+35 28.1+£2.2" 19.1 £ 1.17¢&
MEF .. % 398+1.3 412+13 283 +1.2¢ 26.8 + 1.1% 224+13 105+ 1.1%
PEF. % 83.7+36 843 +4.2 69.8 + 1.5" 64.5 + 22" 553+2.1"* 432 +23"%&
DLCO. % 86.5 + 4.1 90.5 £ 4.5 783 +2.1% 713+ 1.8% 68.3+22"* 62.2+3.17¢%
KCO. % 85.8+5.2 88.7+7.1 72.1+5.6" 65.4 +4.3* 66.3 +2.2" 65.8+2.1"
VA. % 101.8 £ 4.7 103.5+£55 964 + 3.2 91.3+£3.6 883+22" 741 +£2.1"
Vi % 1103 +£3.2 1158+ 6.9 97.3 £3.2¢ 96.4 + 3.3* 935+3.2 91.8+5.1"
FRC. % 1048 +4.4 106.7 £ 5.5 96.2 £3.2 954 +2.1 84.4+26" 759 +£2.2%

Notes: # — CTaTUCTUYHO HOCTOBIpHA BiMiHHICTD OKa3HMKiB Mk I Ta II rpymamu (p < 0.05); 2.* — statistically significant differences between I and III groups
(p < 0.05) ¢ — statistically significant differences between II and III groups (p < 0.05); & — statistically significant difference between the start and the end of

the observation (p < 0.05).

licensed software products included in the Microsoft
Office Professional 2000 software package on the per-
sonal computer of the Celeron IVM in the Excel pro-
gram [16, 17]. The work is done at public expense.

Results

The results of long-term dynamic observation have
shown that spirometric abnormalities in patients with
bronchial asthma depend on the control of the course of
the disease. Indicators are presented in table 1. The
obtained data show that in patients with controlled
course of disease, the speed characteristics of the spirog-
raphy in the remission phase are within the normal
range. In patients with partially controlled asthma, FEV,
in comparison with the control group is generally
decreased, there is a lack of patency of the distal bron-
chial units: MEF %, MEF, %, MEF,.%. In severe uncon-
trolled course of the disease, respiratory failure is the
most severe. Such patients have marked transient dis-
turbances in the distal respiratory tract, which creates
favorable conditions for the development of chronic
hypoxia in the body. The general diffusion capacity of
the lungs does not differ between patients with bronchi-
al asthma with controlled course of the disease and
healthy, but already in patients with partially controlled,
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and especially with uncontrolled course, even in the
absence of significant decrease of speed spirographic
indicators, the value of the membrane component of the
diffusion capacity of the lungs is reduced, which cannot
be explained only by a decrease in the surface area of gas
exchange.

During a ten-year period in a controlled course of
disease, there is no significant change in pulmonary
volume and spirometric parameters. In partially con-
trolled course, the reduction of practically all speed
indicators of the spirogram appears. In case of the
severe course of the disease, the identified changes and
respiratory failure are the most severe. The general
diffusion capacity of the lungs in patients with mild
asthma is stable and practically does not differ with the
indicators in the healthy group, and in patients with a
moderate course, and especially with severe course, the
value of the membrane component of the diffusion
capacity of the lungs is reduced, which can be explained
not only by reducing the surface area of gas exchange:
persistent inflammation in the respiratory tract causes
hypertrophy of the smooth muscle elements, thicken-
ing of the basement membrane, reducing the elastic
properties of the vessels, accumulation of collagen fib-
ers [17]. These pathogenetic changes are maintained in
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Table 3. Biophysical parameters of blood in patients with bronchial asthma with varying degrees of control
of the disease (compared with the healthy group) (M + m)

Healthy Controlled BA Partially controlled asthma Uncontrolled BA
Parameters (Group 1) (group Il) (group Ill)

(n=30) (n =50) (n =60) (n =55)
VGMPE. relative units 0.013 £ 0.001 0.028 + 0.019 0.257 +0.022% 0.321 +0.021%&
VZME. relative units 0.31 £ 0.005 0.301 + 0.004 0.083 + 0.008™% 0.046 + 0.007#&
Degree of deformation of membranes of red blood cells (points) 1.3+0.1 14+0.0 2.1+0.0% 3.3 +0.2%
Degree of hypoxic anisotropy (points) 0.1+£0.0 0.1+0.0 1.7 +£0.0% 2.3 +0.2%
Sorption capacity of red blood cells (%) 310+ 4.6 423+63 79.2 £ 124" 81.7 + 12,8
The coefficient of distribution of methylene blue betweenthe  0.73 +0.02 0.76 + 0.06 1.32 £ 0.09™& 1.29 +0.07%

cell and the medium (Q). relative units

Notes: * — statistically significant difference between the 1st and 2nd groups (p < 0.05); # — statistically significant distinction between groups II and III (p <
0.05); & — a statistically significant difference with a group of healthy individuals (p < 0.05).

intervals between exacerbations. Remodeling of the
bronchi is due to damage of the epithelium of the
bronchial mucosa, a violation of its recovery, the active
production of growth factors by inflammatory cells,
even in the early stages of the disease. More detailed
information is presented in table 2.

The index of FEV| decline (ID) during the observa-
tion period was the lowest in a controlled BA — 1.3 %, a
partially controlled course — 12.8 %, an uncontrolled
course — 25.6 %.

It has been established that in BA there are mor-

phological changes in the erythrocyte itself, reducing
the rate of transition of one structure of hemoglobin to
another and its affinity to oxygen. If in patients with
controlled course of the disease there will be no signif-
icant changes in the percentage of pathologically
deformed erythrocytes of peripheral blood as com-
pared to healthy ones, then in patients with asthma
with a partially controlled course there is a tendency to
decreased aggregation of erythrocytes, in comparison
with healthy, which is the result of microcytosis,
because reduced size of erythrocytes and reduction of

Fig. 1. The morphological structure of erythrocytes in patients
with asthma with controlled course of the disease is the first
year of observation.

Fig. 2. Morphological structure of erythrocytes in patients
with asthma with partially con-trolled disease during the first

year of observation.
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Fig. 3. Morphological structure of erythrocytes in patients
with asthma with uncontrolled course of the first year of
observation.

Fig. 4. Morphological structure of erythrocytes in patients
with asthma with controlled course of the tenth year of
observation.
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Fig. 5. Morphological structure of erythrocytes in patients
with asthma with a partially controlled course of the tenth
year of observation.

aggregation are adaptive mechanisms that create con-
ditions for optimization of microcirculation in patients.
In patients with uncontrolled course of disease, the
magnitude of aggregation of erythrocytes is elevated,
which indicates a significant damage of erythrocyte
with the formation of pathologically deformed mor-
phoforms that are unable to maintain their functions
in the rheological properties of blood. At a more
detailed examination, it was found that in patients with
controlled asthma, the morphological picture of the
erythrocytic unit is practically no different from the
healthy indexes: normocytes (diskocytes) — (85.3 =
1.7) %, echinocytes — (4.1 + 1.2) %, target cell — (5.4 +
0.5) %, number of degenerative erythrocytes — (5.2 +
0.8) %. In patients with partially controlled asthma
there is a decrease in normocytes (52.2+ 1.3) %
(healthy — (95.2 £ 2.2) %; the number of deformed
forms (echinocytes) increases to (14.5% 0.4) %,
(healthy — 2.3 £+ 0.8) %; target cell — to (13.6 £ 0.5) %
(healthy — (1.5 + 0.6) %); the number of degenerative
erythrocytes increases to (19.7 + 1.3) % (healthy —
(1.5 0.2) %). In BA, uncontrolled course, the per-
centage of normal forms decreases to (29.3 £ 1.8) %,
echinocites — (18.2 + 1.1) %, target cells — to (23.6 £
0.6) %, degenerative forms — (28.9 + 2.1) % (see fig. 1,
2, 3). In this case, no significant changes in the number

Fig. 6. Morphological structure of erythrocytes in patients
with uncontrolled course of BA is the tenth year of
observation.

of reticulocytes are observed in any of the groups. This
testifies to the presence of directly pathological chang-
es in red blood cells of peripheral blood.

A completely different picture is observed in
patients with bronchial asthma, and, as the results of
the studies showed, depends on the control of the
course of the disease. In patients with bronchial asth-
ma with controlled course, the indicators of VGMP
and VZME and the degree of hypoxic anisotropy are
changed, but not reliable. In patients with a partially
controlled course of the disease, all of the above char-
acteristics are significantly different from both the
healthy group and the group of patients with con-
trolled course. The most severe changes in the estimat-
ed rates were observed in patients with uncontrolled
course of the disease (Fig. 3).

Biophysical characteristics of deformation ability
and osmotic stability of erythrocytes confirm all of the
above. In a healthy person, the biophysical parameters
of the deformation properties of red blood cells are sta-
ble, unchanged. The relative gradient membrane poten-
tial of erythrocytes (VGMPE) is in average (0.011 £
0.01) relative units, VZME in average is (0.29 + 0.005)
relative units, the degree of deformation of membranes
of erythrocytes is (1.1 + 0.1) points. More detailed infor-
mation is presented in table 3.

Tab]le 4. Biophysical parameters of blood in patients with bronchial asthma with varying degrees
of controllability of the disease after 10 years of follow-up
(compared with healthy group) (M + m)

Healthy Controlled BA Partially controlled Uncontrolled BA
Parameters (Group ) asthma (group Il) (group 1)

(n=30) (n=50) (n =60) (n =55)
VGZME. relative units 0.010+£0.001  0.032+0.018 0.272 +0.025'% 0331 + 0217
VZME. relative units 033+0005  0.298 + 0.004 0.075 + 0.006'% 0.039 +0.006%*
Degree of deformation of membranes of red blood cells (points) 1.5+0.1 1.5+0.0 24 +0.0% 3.3 +0.2%
Degree of hypoxic anisotropy (points) 0.1+0.0 0.5+0.0 1.5+£0.0% 2.5+0.2%
Sorption capacity of erythrocytes (%) 31.5+4.2 446 £ 6.5 79.5 + 12.2"*& 82.5+12.9%
Coefficient of distribution of methylene blue between cell and 0.72 +0.02 0.85 +0.08 1.30 £ 0.09™*& 1.35 + 0.09%

medium (Q). relative units

Notes: * — statistically significant difference between the 1st and 2nd groups (p < 0.05); # — statistically significant distinction between groups II and III
(p < 0.05); & — a statistically significant difference with a group of healthy individuals (p < 0.05); ¢ — statistically significant difference. the first year of

observation (p < 0.05).
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Table 5. Correlation between the biophysical parameters of the erythrocytic membrane
and FEV | in patients with asthma (n = 165)

MoKasHuKM FEV, %)
r ‘ p
VGZME. relative units -0.68 £0.12 p < 0.001
VZME. relative units 0.65+0.13 p < 0.001
Degree of deformation of membranes of red blood cells -0.52+0.10 p < 0.001
Degree of hypoxic anisotropy (points) -0.54 +£0.08 p < 0.001
Sorption capacity of erythrocytes (%) -0.57 £ 0.09 p < 0.001
Coefficient of distribution of methylene blue between cell and medium (Q). relative units -0.49+0.10 p < 0.001

After 10 years of observation in patients with asthma
with varying degrees of control, a different dynamics of
the biophysical parameters of the erythrocytes layer of
blood was observed: more uncontrolled was the course
of the disease, the more pronounced was the loss of
charge on the membrane, the increase in its gradient
potential, increased permeability of the erythrocytes
membrane and sorption capacity of erythrocytes, deep-
ening of hypoxic anisotropy of blood serum, increase of
percentage of deformed forms. The obtained results are
presented in table 4. The morphological picture of the
erythrocytes layer also changed: more uncontrolled was
the course of asthma, the more pronounced was the
reaction of the erythrocytes link to physical activity in
time.

In patients with a controlled course of asthma for a
ten-year observation period, the percentage of normo-
cytes (discocytes) practically did not change: from
(85.1 £1.7) % to (85.8 + 1.5) %, echinocytes from (3.6 +
21)% to (3.2+ 1.5)%, target cells from
(5.6 £ 0.5) % to (5.7 £ 0.7) %, the number of degenera-
tive erythrocytes from (5. 3 £ 0.8) % to (5.2 + 0.8) %. In
patients with asthma with a partially controlled course,
there was a decrease in the normal forms from (55.2 +
1.2) % to (51.5 + 1.3) %; percentage of echinocytes from
(142 £ 0.4) % to (16.9 £ 0.5) %, target cells — from
(12.6 £ 0.5) % to (14.3 + 1.1) % ; the number of degen-
erative erythrocytes from (18.0+ 1.3) % to (17.3
1.2) %. In uncontrolled BA the percentage of standard
forms after ten years of observation changed from
(29.3 £ 1.8) % to (25.3 £ 1.1) %, echinocytes — from
(182+ 1.1) % to ( 19.4 + 1.2) %, target cells — from
(23.6 £ 0.6) % to (25.2 % 0.5) %, degenerative forms
from (28.9 £ 2.1) % to ( 30.1 £ 2.0) % (see fig. 5, 6).

This was confirmed by the reaction of the erythro-
cytic membrane in time, which also depended on the
degree of control of the course of asthma. The more
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