Health, sport, rehabilitation {

~ L i
N 3p0poB’sa, cnopT, peabinitauin IR
-~ 3p0poBbe, CNOPT, peabunurauusa : 8(2)

ORIGINAL ARTICLES. PHYSICAL THERAPY

Condition of membranes of erythrocytes of peripheral blood of elderly
people with chronic tiredness and low level of tolerance to physical load

Sergii Popel 8P, lvan Melnic 2A°PE, Thor Churpiy ? A°PE, Przemek Bejga AP, Zbigniew Sliwinski
4 ACDE

1 vasyl Stefanyk Precarpathian National University. lvano-Frankivsk
2 lvano-Frankivsk National Medical University, lvano-Frankivsk
3 Faculty of Medicine and Health Sciences, Department of Pharmakology and Toxicology,
University of Zielona Gora, Polska
4 Zespol opieki zdrowotnej w Zgorzelcu, Stacjonarny Osrodek Rehabilitacji Chorob
Naradu Ruchu dla Doroslych I dzieci Im. Prof. Degi w Zgorzelcu, Polska

Authors’ Contribution: A — Study design; B — Data collection; C — Statistical analysis; D — Manuscript
Preparation; E — Funds Collection

DOI: https://doi.org/10.34142/HSR.2022.08.02.07

Corresponding author: Popel S.L. ORCID: 00001-9019-3966; Vasyl Stefanik Precarpatian University,
Schevchenko str.57, Ivano-Frankivsk, 76025, popelsergij@gmail.com

How to Cite

Popel SL, Melnic I, Churpiy |, Bejga P, Sliwinski Z. Condition of membranes of erythrocytes of peripheral
blood of elderly people with chronic tiredness and low level of tolerance to physical load. Health, Sport,
Rehabilitation. 2022;8(2):78-89. https://doi.org/10.34142/HSR.2022.08.02.07

Abstract

Purpose: The aim of the work is to study the osmotic stability and morpho-functional features of peripheral blood
erythrocytes of patients with chronic fatigue syndrome depending on the level of exercise tolerance and associated risk
factors. groups of factors that may be the cause, so the development of measures to eliminate them is an urgent
problem today, which requires the development of effective ways to correct chronic fatigue syndrome. It is known that
the peripheral part of erythron actively responds to changes that occur in the whole body after the action of various
factors, including those factors that lead to chronic fatigue syndrome.

Material and methods of research. The examination was performed on the basis of the Department of Vascular
Neurology of the Central Clinical Hospital of Ivano-Frankivsk. The study involved 30 patients aged 55-65 years (mean
age 60.6 + 1.2 years), who were divided into 3 groups: 1 gr. included 10 patients with chronic fatigue syndrome and a
high level of exercise tolerance. The 2nd group included 10 patients with chronic fatigue syndrome and the average
level of exercise tolerance, the composition of 3 gr. included 10 patients with chronic fatigue syndrome associated
cardiovascular pathology (angina pectoris, hypertension) and low exercise tolerance (3 gr.).

Results. It is established that chronic fatigue syndrome proceeds in 3 phases and has natural stages of development
which are characterized by three groups of etiological factors and the corresponding levels of teletransitivity to physical
activity, each of which corresponds to a certain erythrocyte profile and level of osmotic stability of erythrocytes which
are offered to use as prognostic and diagnostic characteristics. chronic fatigue syndrome.

Conclusions. The study of the quantitative composition of peripheral blood erythrocytes and hemoglobin, as well as
their ratio (color index) in patients with chronic fatigue syndrome on the background of low levels of exercise tolerance
revealed a decrease in erythrocytes and hemoglobin by 42% and 25%, respectively, indicating the presence of anemic
hypoxia. 2. In conditions of chronic fatigue there is a decrease in osmotic resistance of erythrocytes, as evidenced by a
decrease in the number of osmotically stable erythrocytes with a gradual decrease in the concentration of NaCl solution
(3.0%; 0.5%; 0.46%; 0.3%).

Key words: chronic fatigue syndrome, exercise tolerance, peripheral blood erythrocytes, osmotic resistance of
erythrocytes
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AHoOTALA
Cepriii /1. Nonenb. CTaH membpaH eputpouuUTie NnepndepUUHOi KPOBi Ntoaelt NOXUAOro BiKy NPU XPOHiUHiA BTOMI i
HU3bKOMY pPiBHi TONIepPAHTHOCTI A0 Pi3SUYHOro HaBaHTaXKeHHA
MeTa: - BMBYMTM OCMOTUYHY CTiKicTb i Mopdo-dyHKLUioHaNbHI 0cOBAMBOCTI epuUTpouMTiB nepudeprnyHoi Kposi
NaLieHTIB 3 CUHAPOMOM XPOHIYHOI BTOMW B 3aNEXKHOCTI Bifg, PiBHA TO/NEPAHTHOCTI A0 ¢i3MYHOro HABAHTAXKEHHA Ta
acoLioBaHUX 3 CUHAPOMOM XPOHIYHOI BTOMMU aKTopiB pU3MKYy. [nA CMHAPOMY XPOHIYHOI BTOMW XapaKTEPHUM €
HanABHICTb AeKinbKox ¢a3 nepebiry i Tpbox rpyn GpakTopiB, AKi MOXKYTb BYTM MOro NpPUYMHO, TOMy po3pobKa 3axoais
ANna X HiBENOBAHHA € aKTyasibHOIO MPo6/1IeMoto CbOroAeHHA, AKA NOTPebye Po3pOobKM edeKTUBHUX LWIAAXIB KOPEKL,i
CUHAPOMY XPOHiYHOI BTOMU. Bigomo, wo nepmudepmnyHa YacTMHa epuUTPOHY aKTUBHO pearye Ha 3MiHu, AKi BiabyBaloTbca
B LinicHOMY opraHi3mi nicaa aji pisHux pakTopis, B TOMY YmcAi i Tux paKTopis, AKi BeAyTb 40 CUHAPOMY XPOHIYHOT BTOMMU.
Marepian i metogu. O6cTerkeHHA NpoBOAMAKN Ha 6a3i BigaineHHA cyauHHOT HeBposorii LLeHTpanbHOT KAiHIYHOT nikapHi
M. IBaHO-DpaHKiBCbKa. B gocnigykeHHi npuiimanu yyactb 30 nauieHTiB Bikom 55-65 pokis (cepeaHiit Bik 60,6+1,2 poku),
AKMX NOAINMAKM Ha 3 rpynu: Ao ckaagy 1 rp. Beivwan 10 nauieHTie 3 CXB i BUCOKMM piBHEM TONIEPAHTHOCTI A0 ¢i3nyHOro
HaBaHTaxeHHA. [lo cknagy 2-oi rpynu BBiMwAM 10 nauieHTIB 3 CMHAPOMOM XPOHIYHOI BTOMM i cepedHim piBHEM
TONEPAHTHOCTI A0 i3NYHOro HaBAHTAXKEHHA, A0 CKAagy 3 rp. BeiMwAM 10 nauieHTiB 3 acouiMOBAHO 3 CUHAPOMOM
XPOHIYHOT BTOMM CepLEBO-CYAUHHOO MNaTOJIOrED (CTEeHOKapAia Hanpy)KeHHsA, apTepiasibHa rinepToHisn) i HU3bKUM
piBHEM TONEPAHTHOCTI A0 Gi3UYHOrO HaBaHTaXKeHHs (3 rp.).
Pe3ynbtatn. BctaHOBNEHO, WO CMHAPOM XPOHIYHOT BTOMU nepebirae y 3 ¢pasn i mae 3aKOHOMIpPHI eTanu po3BUTKY, AKI
XapaKTepm3yTbCA TPbOMA rpynamu eTionoriyHnx GakTopis i BigNOBIAHMMM PIBHAMM TeNepaHTHOCTI Ao ¢isnyHoro
HaBaHTaXKEHHA, KOMEeH 3 AKMX BiAMNOBiAAE NEBHOMY epuTpouuTapHOMy Mpodinto i PiBHIO OCMOTUYHOI CTIKKOCTI
epUTPOLMTIB, AKI MPOMOHYETLCA BUKOPUCTOBYBATU B AKOCTi MPOrHOCTUYHO-AIarHOCTUYHUX XapaKTEPUCTUK CUHOPOMY
XPOHIYHOT BTOMMW.
BuUcHOBKKM. [oCnigKeHHA KifbKiCHOrO cKnagy eputpoumTie nepudepuyHoi Kposi i remornobiHy, a Takoxk ix
cniBBigHOLWEHHA (KONbOPOBMIA MOKA3HWK) Y NALiEHTIB MPU CUHAPOMI XPOHIYHOI BTOMWM Ha ¢GOHi HU3BbKOrO PiBHSA
TONEePNHbHOCTI A0 $i3UYHOro HaBaHTAXKEHHSA BUABMJIO 3MEHLIEHHA KiZIbKOCTI epuTpoumTie nepudepmudepmnyHoi Kposi i
remornobiHy BignosiaHo Ha 42 % i 25 % , WO CBiAYMTb NPO HAABHICTb aHEMIYHOI rinokKcii. 2. B ymoBax XpoHiYHOT BTOMM
CMOCTEPIraeTbCA 3HUMKEHHA OCMOTMYHOI PE3UCTEHTHOCTI epUTPOLMTIB, MPO WO CBiAYUTb 3MEHLWIEHHA KiNbKOCTI
OCMOTUYHO CTilKUX epUTPOLUTIB NP MOCTYNOBOMY 3MeHLLEHHI KoHueHTpauii po3umHy NaCl (3,0 %; 0,5 %; 0,46 %;
0,3 %).
Kniouosi cnoBa: CMHAPOM XPOHIYHOT BTOMM, TONEPAHTHICTb A0 Gi3MYHOrO HAaBaHTAXKEHHA, epuUTPoLUTM NnepudbepuyHoi
KPOBi, OCMOTUYHA PE3UCTEHTHICTb EPUTPOLUTIB

AHHaTOLUSA
Cepreii /1. Nonenb. CoctoAaHne memb6paH 3puTpoLUTOB nNepudepuyeckoit KPoBU y Nlogeit NOXKUAOro Bo3pacta ¢
XPOHUUYECKOI YCTaNOCTbIO U HU3KUM YPOBHEM TONIEPAHTHOCTU K GpU3NUECKOI HarpysKe
Uenb: wu3y4yeHMe OCMOTMYECKOW CTabunbHocTM UM MOPPOPYHKLMOHANBbHBIX 0OCOBEHHOCTEN  3PUTPOLUTOB
nepudepmyeckon KPoBu 60NbHbBIX C CUHLPOMOM XPOHUYECKOM YCTaNOCTU B 3aBUCMMOCTU OT YPOBHA TONEPAHTHOCTYU K
du3nyecKol HarpysKe 1 conyTcTyloLLMX GaKTOPOB pUCKa. Fpynnbl GaKTOPOB, KOTOPbIE MOTYT BbITb MPUYMHOM, NOITOMY
pa3paboTKka MeponpUATUI MO UX YCTPAHEHMUIO ABAAETCA aKTyaslbHOM NpobaemMoit Ha cerogHAWHNI AeHb, YTo TpebyeT
pa3paboTkM aPPeKTUBHbLIX CMOCOHOB KOPPEKLMN CUHAPOMA XPOHUYECKON ycTanocTu. U3BecTHO, YTo nepudepuyeckas
YacTb 3PUTPOHA aKTUBHO pearMpyeT Ha U3MEHEHMWs, BO3HUKAlOLMEe BO BCEM OpraHuM3me nocsie AelcTBUA Pas/iIMyHbIX
baKTOpOB, B TOM YMC/Ie TeX, KOTopble NPUBOAAT K CUHAPOMY XPOHUYECKOM YCTaNoCTH.
Matepuan u metoapl uccnegoBaHua. O6cnesoBaHme NPOBOAMAOCH Ha Hase oTAeNeHUs cocyamcTol Hesponorum LIKB
r. UBaHo-PpaHKoBCKa. B nccnesoBaHnm npuHanm yyactre 30 601bHbIX B Bo3pacTe 55-65 neT (cpeaHuii Bospact 60,6+1,2
rofa), Kotopbie 6biau pasgeneHbl Ha 3 rpynnbl: 1 rp. BKAOYEHbI 10 NaLMeHTOB ¢ CMHAPOMOM XPOHUYECKOW YCTaNoCTy
M BbICOKMM YPOBHEM TOJIEPAHTHOCTU K GU3MYECKON Harpyske. Bo 2-to rpynny Bownu 10 60/bHbIX C CUHAPOMOM
XPOHMYECKOM YCTaNoCTU U CPeAHMM YPOBHEM TONEPAHTHOCTU K GU3MYECKOW Harpyske, coctas 3 rp. BKkAouYeHo 10
60NIbHbIX C CMHAPOMOM XPOHWYECKOM YCTanocTM Ha ¢oHe cepAeyHO-CoCcyamcToli MaTonorMm (CcTeHoKapaus,
rmnepToHnYeckan 601e3Hb) U HU3KOW TONEPAHTHOCTbIO K pUsnyeckoi Harpyske (3 rp.).
Pe3ynbTaTbl. YCTAHOBNEHO, YTO CUHAPOM XPOHUYECKOM YCTAaNOCTU NpoTeKaeT B 3 dpasbl U UMEET 3aKOHOMEpPHbIe 3Tanbl
pa3BUTUA, KOTOPbIE XapaKTepusyloTca TPema rpynnamm 3TMOAOrMYeckuX GaKTOPOB M COOTBETCTBYIOWMMU YPOBHAMMU
TENeTPaH3UTUBHOCTM K GpU3MUECKON Harpy3Ke, KarKaan U3 KOTOPbIX COOTBETCTBYET ONpesesieHHOMY 3pUTPOLUTAPHOMY
NPoduUI0 U YPOBHIO OCMOTUYECKOW YCTOMUYMBOCTU. SPUTPOLIUTOB, KOTOPbIE MpeasaraeTca UCMO/b30BaTb B KavecTse
NPOrHOCTUYECKU-AMArHOCTUYECKUX NPU3HAKOB CMHAPOMA XPOHUYECKOM YCTaNoCTu.
BbiBOAbI. V3yyeHWe KO/MYECTBEHHOrO COCTaBa 3PUTPOLIUTOB M remornobuHa nepudepuyeckoi KpoBK, a TaKKe MX
COOTHOWeHMA (uBeToBOM NokKasaTtesb) y BONbHbBIX C CUHAPOMOM XPOHUYECKOW YCTasoCTU Ha GOHEe HU3KOTO YPOBHA
TONEPaAHTHOCTM K (M3MYECKOW HarpysKe BbIABUAO CHUMEHME 3SPUTPOLMTOB U remornobuHa Ha 42% u 25%.
COOTBETCTBEHHO, YTO CBUAETENbCTBYET O HAIMYMU aHEMUYECKOM TMMOKCUU. 2. B yCNOBUAX XPOHMUYECKOTO YTOM/IEHUA
NPOUCXOAMUT CHUMKEHME OCMOTUYECKON PE3UCTEHTHOCTM 3SPUTPOLMTOB, O Yem CBUAETE/IbCTBYET YMeHblueHue
KOZIMYECTBA OCMOTMYECKU CTABUABbHBIX 3PUTPOLMTOB MPU MOCTENEHHOM CHUMEHUU KOHUeHTpaumm pacteopa NaCl
(3,0%; 0,5%; 0,46%; 0,3 %).
KnioueBble cnoBa: CUHAPOM XPOHUYECKOW YCTaNOCTW, TONEPAHTHOCTb K (U3MYECKOW HarpysKe, 3spuTPOLUTDI
nepudepryeckon KPoBU, OCMOTUYECKAA PE3UCTEHTHOCTb SPUTPOLUTOB
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Introduction

At present, the problem of chronic fatigue
and low tolerance to physical activity is acute all over
the world. This is facilitated by the instability of the
social situation, the economic crisis, changes in the
system of personal values, and environmental factors
(global warming). The total number of people with
chronic fatigue syndrome reaches 200 million or 5%
of the world's population [1]. The main "risk group"
of people with low tolerance to physical activity
includes young people and adolescents with chronic
fatigue syndrome [2]. The constant accumulation of
deoxidized substances in the body due to lipid
peroxidation in chronic fatigue syndrome stimulates
the launch of various pathological reactions affecting
metabolic processes, leading to the development of
cardiovascular disease and causing low tolerance to
exercise. According to the World Health
Organization (WHO), the clinical manifestations of
chronic fatigue syndrome are: muscle and joint pain;
fatigue after waking up, which indicates the lack of
regenerative properties of sleep; constant headache;
deterioration of health, which lasts for 24 hours after
exercise, impaired concentration and memory;
"Blurring" of vision; problems with the vestibular
apparatus. The multifunctional role of peripheral
blood erythrocytes in the mechanisms of adaptation
to physical activity and compensation of negative
consequences in hypoxia, gas transport processes and
other vital functions explains the high
informativeness of the results of studying structural
and functional changes in these cells in various
human conditions. At the same time, the enzyme
regulation of the processes of formation and
destruction of hydrogen peroxide (H02) in
peripheral blood erythrocytes is an insufficiently
studied aspect of hypoxia. Taking into account the
data on the direct participation of reactive oxygen
species and hydrogen peroxide (O, H.0;) and
enzymes of the antioxidant defense system:
superoxide dismutase (SOD) and catalase (CAT) in
the oxygenation of hemoglobin [3, 4], is of interest
changes in the activity of these enzymes, aimed at
improving the structural and functional value of
erythrocytes of peripheral blood, necessary for
adequate transport of oxygen during exercise in
chronic fatigue syndrome.

Chronic fatigue syndrome is diagnosed after
6 months of clinical signs. The disease is divided into
3 phases:

* Prodromal phase: which is characterized by
symptoms of chronic fatigue, manifested by physical
and mental exhaustion. At this stage, the patient can
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get rid of chronic fatigue syndrome by changing their
lifestyle.

* Acute phase: characterized as a disease of systemic
intolerance to physical activity or low tolerance to
physical activity. The inability to get out of bed is
compounded by impaired thinking and
concentration. Characteristic attacks of panic and
depression.

* Recovery phase: during which the patient tries to
return to normal life, feeling tired and weak.
Etiology of the disease. The causes of chronic fatigue
syndrome are classified into three groups: the first
group includes psychological problems. These are
stressful situations, outbursts of strong negative
emotions and depression. The second group includes
somatic health problems, such as: anemia;
malnutrition; hypothyroidism; sleep apnea; diabetes;
adiposity. The third group includes lifestyle
problems: alcohol abuse; hypokinesia; caffeine
abuse; irregular diet. Among the causes of chronic
fatigue syndrome is not the last place overload at
work and work at night. All these factors are
characteristic of the daily professional activities of a
teacher in higher education.

Pathogenesis

At present, the pathogenesis of chronic
fatigue syndrome has not been fully elucidated. The
disease is based on an abnormal level of chemicals
synthesized in the system "hypothalamus - pituitary -
adrenal glands". This system is responsible for
controlling many physiological functions: sleep,
vitality and stress reactions. At the same time,
patients with chronic fatigue syndrome have low
levels of serotonin and dopamine in the body. Signs
of chronic fatigue syndrome often develop after a
violation of the immune system. In general, the
prognosis for recovery is favorable with timely
medical attention. However, in the scientific
literature there are no criteria for this timeliness.

Therefore, there is an urgent need to establish
objective criteria for the course and predict the
treatment of a patient with chronic fatigue syndrome
with professional help. At long action of stress
factors there is a steady disturbance of a metabolism
in an organism which are the reason of many
comorbid diseases and, as a consequence of decrease
in level of protective forces of an organism; the level
of human social activity, his ability to work and the
adequacy of behavior decreases [5].

Under the action of toxic substances,
conditions are created for the intensive formation of
products of lipid peroxidation, which leads to the
development of oxidative stress and, accordingly, to
the peroxide destruction of cell membranes.
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Activation of free radical oxidation processes is the
basis of many pathological processes, and in
particular low tolerance to exercise. It is known that
hypokinesia and hypoxia as constant companions of
chronic fatigue syndrome affect the key stages of
intracellular metabolism and, above all, the processes
of energy metabolism, which relate mainly to aerobic
oxidation of fatty acids and glucose [6]. As a result
of lipophilic effects of lipid peroxidation on cell
structures, the properties of cell membranes, their
liquid crystal structure, viscosity and stability
change, which is especially evident in cells with low
adaptive capacity, such as peripheral blood
erythrocytes. This is accompanied by suppression of
all functions and premature aging of the body.

Erythrocytes of peripheral blood, in close
contact with all tissues and entering into
morphological functional relationships with them,
their own qualitative and quantitative adjustment
reflect the physiological and pathological changes
that occur throughout the body, thus causing the so-
called "exquisite" (reflected) reactions as prognostic
markers for a number of chronic diseases [7].

The aim of the study was to study the
osmotic stability and morpho functional features of
peripheral blood erythrocytes of patients with
chronic fatigue syndrome depending on the level of
tolerance to exercise and risk factors associated with
chronic fatigue syndrome.

Material and methods
Participants

The examinations were performed on the
basis of the neurological department of the Central
Clinical Hospital in Ivano-Frankivsk. The study
involved 30 patients aged 55-65 years (mean age
60.6 + 1.2 years), who were divided into 3 groups: 1
g. included 10 patients with chronic fatigue
syndrome and a high level of tolerance to exercise.
The 2nd group included 10 patients with chronic
fatigue syndrome and moderate tolerance to exercise,
the 3rd group included 10 patients with associated
with chronic fatigue syndrome cardiovascular
disease (stress angina, hypertension) and low
physical tolerance. load (3 group). Among the
patients were 15 teachers of higher education
institutions with at least 15 years of teaching
experience.

All participants were informed about the
purpose of the study and gave written consent to
participate in the study, which was conducted in
accordance with the Helsinki Declaration of the
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WMA - Ethical Principles of Medical Research for
Human Subjects, 2013.

Morpho-biochemical methods of erythrocyte
analysis

Morphological studies of erythrocytes were
performed in a scanning electron microscope "JEOL-
25M-T220A" (Japan) according to the generally
accepted method [3]. Used, where A is the total
number of erythrocytes, B is the number of
irreversibly altered forms of erythrocytes, B is the
number of inversely altered forms of erythrocytes.
The low level of conformational ability of
erythrocytes is determined at values of erythrocyte
deformation index from 1.6 to 2.5, medium - in the
range of 2.6-3.9, high - at 4.0-6.0. To determine the
electrolyte composition of erythrocytes in a muffle
furnace at a temperature of 800 Co ash was 2 ml of
erythrocyte mass. The ash was pressed, after which
the surface of the mold was sprayed with carbon (=10
nm). Determination of erythrocyte concentration of
macronutrients such as sodium (Na), potassium (K),
iron (Fe), magnesium (Mg) and calcium (Ca) was
performed using a computer program "SELMI" and
a prefix for energy-dispersive X-ray microanalysis
EDAR ”On the REMMA-102E scanning electron
microscope (SELMI, Ukraine) with an accelerating
voltage of 20 kV in the energy range from 960 to
19600 kiloelectron-volts (keV). Morpho functional
parameters and osmotic resistance of erythrocytes
(WEM) were studied in the blood, which was
determined by the Janowski microscopic method
using descending (3%, 0.5%, 0.46%, 0.3%)
concentrations of NaCl solution. The number of
peripheral blood erythrocytes was determined in
Goryaev's chamber. The hemoglobin concentration
was determined with a hemometer. Erythrocyte
sedimentation rate was determined by the unified
Panchenkov micromethod [5].

The level of tolerance to physical activity
was determined by cycling ergometry (cycling
ergometer "Kettler" Germany) according to the
PWC100 protocol.

The surface architecture of peripheral blood
erythrocytes was studied using scanning electron
microscopy (SEM) (electron microscope "JEOL 25A
T3225"; Japan) with the preparation of samples
according to the method of Romashchenko O.V.,
V.F. Kamenev [7] and Gl Kozinets and co-authors
[3]. The calculation of different morphological forms
of EPA was performed according to the classification
of GI Kozynets and co-authors [3]. Some of the
studies were performed on a hemoanalyzer (Lab
Analyt30000PIus) (Finland).
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Determination of the  microelement Table 1

composition of EPA (nitrogen, calcium, magnesium)
was performed using energy-dispersed X-ray
structural scanning on the attachment for
microanalysis "EDAR" to the scanning electron
microscope "REMMA 202E" (Sumy, Ukraine)

Determination of erythrocyte deformability
index was performed by the method of C. Tannert, V.
Lux in modification Z.D. ®emoposoii, M.O.
Kotovschikova [8]. Oxygen saturation was
determined by pulse oximetry on a Jziki-Fingertip
oximeter. For the clinical characteristics of patients
with CFS determined the level of overall morbidity,
health self-assessment index; Heart rate at rest and at
FN; double product; stress index (IN); adaptive
potential according to Baevsky [9]; percentage of
excess body weight.

Statistical analysis

Statistical analysis was performed using the
standard software package SAS 8.0 (SAS Inc., USA).
Criteria t and y2 were used. Statistical processing of
guantitative indicators was performed using the
computer software package "Statistica 6.0" [10].
Data are presented as arithmetic mean + standard
deviation (M = SD). The obtained results were not
subject to the law of normal distribution according to
the Kolmogorov-Smirnov criterion, therefore the
statistical significance of the intergroup difference
was estimated using the Mann-Whitney test and the
nonparametric Kruskal-Wallace test using the
nonparametric Spearman correlation coefficient. The
difference was considered statistically significant at
a bilateral level of p <0.05.

To determine the significance of the
influence of qualitative value of the erythrocyte
deformation index on the functional state of the
cardioregulation system, a nonparametric analysis of
variance of heart rate variability was performed [9]
both before and after exercise at maximum aerobic
capacity. The obtained data were subject to
variational-statistical processing by the method of
small sampling [10]. The difference was considered
statistically significant at p <0.05 and below.

Results

The main complaints of patients with CFS
are presented in table. 1

82

The structure of complaints in groups of teachers

with chronic fatigue syndrome (%)
Groups
Clinical manifestations Women, n = Men, n =
20 10
Sleep disorders 85.0 14.2*
Impaired short-term
memory and ability to 65.0 35.7*
concentrate
Feeling of constant
unexplained fatigue for 100 100
6 months or more
Depression 65.0 28.6*
Prolonged subfibrillation
(37,2-37,4°C) 85.0 50.0*
Headaf:h.e, mu.scle and 20.0 28.6*
joint pain

Note: * - the difference is probable at p <0.05.

The state of the membrane of destabilizing
processes is characterized by various criteria. This is
primarily the level of functional activity of
endogenous phospholipases and the dynamics of
lipoperoxide accumulation. According to our results,
the severity of membrane destabilizing processes
increases from the minimum values in patients 1 gr.
with a more favorable form of chronic fatigue
syndrome and a high level of tolerance to physical
activity to the maximum level in patients 2 gr. and
patients 3 gr. (with a low level of tolerance to
physical activity on the background of cardiovascular
disease), which is manifested by the expansion of the
hemogram and its change from normal, unimodal
type of hemogram (Fig. 1, A) to bipolar type of
peripheral blood erythrocytes (Fig. 1, B) by their
corpuscular volume, with a significant shift of the
distribution peak to the left (Fig. 1 B). This is closely
correlated (r = 0.93) with the appearance of cells with
irreversibly altered shape among erythrocytes (Fig. 1,
A, B).

It was found that the level of tolerance to
exercise 82% of patients with chronic fatigue
syndrome had low physical performance, which
averaged 0.87 + 0.02 W / kg, which is 25% less than
the reference values. The number of peripheral blood
erythrocytes depends on many factors, the general
mechanism of action of which is expressed in a
hypoxic state. Toxic substances (eg, lipid
peroxidation products) may also be such factors [11,
12].

The results of the studies revealed
significant changes in blood parameters in patients
with chronic fatigue syndrome with a low level of
exercise tolerance (Table 1). There is a decrease in
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the number of peripheral blood erythrocytes by 42%
compared to the reference values of physiological
norm. Erythropenia accompanies the syndrome of
chronic fatigue and is closely correlated (r = 0.87)

with a decrease in hemoglobin to 90+ 8.2 g /1 (Table
1) and with hemogram (Fig. 1).

Fig. 1. A. Acanthocyte (a), erythrocyte with cres (b), erythrocyte with one outgrowth (c), erythrocyte with
dome (e), spherocyte (¢) echinocyte (i) ir. patients 3 gr.
B: the arrow shows the "shadows" of arythrocytes

Table 2
Blood parameters in chronic fatigue syndrome with
low tolerance to exercise compared with reference
data(M+m,n=10

Indexes Physiological Chronic
norm fatigue
syndrome
Erythrocytes (x | 4.5+0.7 2.610.43
10%2/1) P<0.001
Hemoglobin (g/ | 120.0+13.2 90.0+£10.4
1) P<0.001
Erythrocyte 11.4+1.0 9.6x0.4
sedimentation P<0.001
rate (mm / hour)
Color indicator 0.8+0.01 0.89+0.002
P<0.001

Note: P is the degree of probability of the results in
relation to the control

In order to maintain homeostasis, the blood
system responds not only to quantitative but also
qualitative changes in its composition to any
exogenous or endogenous factors [12].

As a result of the study in patients of group 3
with chronic fatigue syndrome with a low level of
tolerance to exercise, specific features of the
indicators of osmotic resistance of erythrocytes were
established. Compared with the physiological norm
with a low level of tolerance to exercise, there is a
decrease in the number of erythrocytes at a
concentration of NaCl 3% by 42.2%, at a
concentration of 0.5% by 28.6%, at a concentration
of NaCl 0.46% - by 46.2% and at a concentration of
NaCl solution of 0.3% by 54.5% (Table 2).

Table 3
Indicators of osmotic resistance in different states of the body
(n=10)
Physiological norm Chronic ToIerar;c;;\t/i physical
Concentration NaCl (the number oferythrocytes) fatigue W/ kg bodyy\;veight
X syndrome
3% 4.540,9 2.60,04 3.0+0.04
0.5 % 2.1+0,6 1.540,8 1.240.8
0.46 % 1.340,1 0.7+0,03 0.5+0.03
0.3% 1.140,2 0.5+0,1 0.5+0.1
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Our data on the decrease in the resistance of
peripheral blood erythrocytes in chronic fatigue
syndrome with low tolerance to exercise can be
explained by the fact that the products of lipid
peroxidation are included in the lipid layer of
membranes, increasing the surface area of
cytoplasmic membrane in erythrocytes. Therefore,
the condition of peripheral blood erythrocytes is a
sensitive indicator of changes in the normal course of
physiological,  biochemical and biophysical
processes in the body, which are due to the influence

of external or internal factors, including physical
factors, which is exercise. Determination of osmotic
resistance of erythrocytes is an important research
method for diagnosis in sports medicine, used to
study the mechanism of pathological processes and
the impact of certain types of exercise [13]. This
changes the biochemical parameters of peripheral
blood erythrocytes (table 1), which is especially
evident when comparing the indicators obtained in
patients with low and high levels of tolerance to
exercise (table 3).

Table 4

Indicators of phospholipase activity a2 and the content of lipid peroxidation products in the erythrocytes of
peripheral blood of patients of group I depending on the level of tolerance to exercise (M + m)

Indicators High level of tolerance

Patients with chronic fatigue syndrome, n=10

to physical activity,
control group

Low level of tolerance to
physical activity (n=5)

Average level of tolerance to
physical activity (n=5)

conventional units

(n=5)
Phospholipases -a2, 4.44+0.22 21.9+1.73%/** 15.1+0.71%*
% hemolysis
diene conjugates, 47.9+1.51 155.7745.5%/** 121.1+2.33%*
nmol -ml
Schiff compounds, 17.89+1.03 29.33+1.11%/** 22.3+1.71*

MpumiTtka:* — BiporigHicTb CTaTUCTUYHOI Pi3Li MiXK NOKa3HUKAMM 3 BUCOKUM i HU3bKMM PiIBHEM TONIEPAHTHOCTI A0

¢disnyHoro HaBaHTaxeHHsn (p<0,05);

** _ BiporigHicTb CTaTUCTUYHOI Pi3Li Mi*K NOKa3HMKAMU 3 BUCOKUM i cepeHim piBHEM ToNepaHTHOCTI A0 ¢isMyHoro

HaBaHTaxeHHsA (p<0,05).

Thus, in patients with chronic fatigue
syndrome, regardless of the level of tolerance to
exercise, there was a multiple increase in the content
of lipid peroxidation products (diene conjugates and
Schiff compounds) and phospholipase-a2 activity

Seo

25KV X1

relative to the control group (p <0.05) with a high
level of tolerance to physical activity, the appearance
of erythrocyte sludges in the form of "coin" columns
and fibrin threads between individual erythrocytes
after exercise (Fig. 2).

10k m a8B88a8as

Fig. 2. Formation of local aggregates in the form of “coin columns” (1) and fibrin threads between individual
erythrocytes in patients of the 3rd group with chronic fatigue syndrome, after bicycle ergometric testing
according to the PWCiq protocol
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At the same time, as the level of exercise
tolerance decreases, the content of lipid peroxidation
products (diene conjugates, Schiff compounds)
naturally increases (p <0.05) and closely correlates (r
= 0.93) with an increase in the number of peripheral
erythrocytes. blood irreversibly changed shape (Fig.
1, B), which can be a prognostically unfavorable
indicator, a reason to see a doctor and a more
thorough examination by a specialist.

Discussion

The idea that the level of physical
performance is related to the main indicators of
health [6, 7, 9], is more confirmed in patients 56 60
years (the correlation coefficient between the level of
physical performance and the overall incidence is
0.345; index self-assessment of health r = -0.399,
heart rate at rest - -0.382, double product 0.371, stress
index r = -0.333, p = 0.001 adaptive potential -
+0.319,% overweight r = -0.539, p = 0.001). In
younger patients 40 to 55 years of age, such a
dependence is absent, except for the relationship
between the level of physical performance and the
degree of risk of cardiovascular disease (r = -0.356,
p = 0.006).

The degree of risk in patients aged 50-65
years is associated with overall morbidity (r =0.311),

health self-esteem index (r = 0.318; p = 0.006), blood
pressure (r = -0.388), double product (r = 0.322 ),
adaptive potential (r = -0.462), the amount of excess
body weight (r = 0.463, volumetric size of the waist
(r=10.311) and pelvis (r = 0.341), as well as the level
of daily motor activity (r = -0.486 ) (p <0.01). This
explains the interdependence of the PWC test with
the level of exercise tolerance in people aged 50-65
years with chronic fatigue syndrome, as in most of
them in the absence of physical activity, when
performing PWC100 loads, active and subjective
signs of inadequate response of the body
(hypertension, incoordination of the cardio-
respiratory system [8], feeling of tension, headache,
dizziness, nausea, discomfort, etc.), which is closely
correlated (r = 0.93; p = 0.006) with increasing
number of irreversibly altered peripheral
erythrocytes blood.

Ignorance of such patterns can lead to

incorrect calculation of maximum physical
performance, its ergometric and metabolic
parameters. This is confirmed by statistical

differences in the main indicators of morpho
functional status, physical performance and
morbidity in patients of different risk groups for the
development of chronic fatigue syndrome and
comorbid diseases [14, 15, 16] (Table 4).

Table 5

Indicators of morpho-functional status of patients 50 to 65 years with varying degrees of risk of
cardiovascular disease (M + m, n = 134)

Indexes Degree of risk
low average high P12 P13 P23

Body weight, kg 67.242.14 | 71.4+3.06 | 98.3#3.17 | <0.05 | <0.05 | <0.05
Body fat, % 15.2+0.28 18.0+0.93 22.5¢1.11 | <0.05 | <0.05 | <0.05
Kettle Index, conventional units 24.9+1.23 28.4+1.46 | 30.5+t1.61 | <0.05 | <0.05 | <0.05
Heart rate, beats / min 71.613.22 72.1+3.35 89.1+5.19 >0.05 | >0.05 | >0.05
Systolic blood pressure, mm Hg 123.744.53 | 124.6£3.72 | 131.649.22 | >0.05 | <0.05 | <0.05
Diastolic blood pressure, mm Hg 76.2+3.16 79.1+3.31 84.7+3.63 <0.05 | <0.05 | <0.05
voltage index, conventional units 111.548.17 | 123.449.02 | 149.949.85 | <0.05 | <0.05 | <0.05
Adaptive potential of the circulatory system to 1.5+0.09 1.6+0.12 1.740.15 >0.05 | <0.05 | <0.05
environmental factors, conventional units
Tolerable level of physical activity, W / kg 1.3+0.05 1.1+0.03 0.84+0.02 <0.05 | <0.05 | <0.05
Oxygen uptake at a tolerable level of exercise, | 35.1+2.03 31.4+1.82 27.7+1.53 <0.05 | <0.05 | <0.05
ml / min / kg
Morbidity: number of days of temporary
incapacity for work 7.8+1.96 9.2+1.44 12.2+2.42 >0.05 | <0.05 | <0.05
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Using data on morphological changes of 3. With chronic fatigue there is a

peripheral blood erythrocytes, we propose to create
an erythrocyte profile of patients to predict the risk
of developing complications associated with chronic
fatigue syndrome, in which the main indicators
should be the level of exercise tolerance based on
erythrocyte deformability index [17-22]. The main
risk factors must also be taken into account (Fig. 5).

Prospects for further research

Further research may be aimed at finding
ways to improve the system of cardiohemodynamic
control of people with chronic fatigue syndrome, and
find measures to prevent and reduce the impact of the
main factors of CFS in people of all ages.

Limitation

The study was conducted among older
teachers, so the data obtained relate only to the
studied contingent. Additional research is needed to
disseminate the data among people of other ages and
social groups, as well as among representatives of
other specialties.

Conclusions

1. The study of the quantitative compaosition
of erythrocytes of peripheral blood and hemoglobin,
as well as their ratio (color index) in patients with
chronic fatigue syndrome on the background of low
tolerance to physical fatigue revealed a decrease in
erythrocytes and hemoglobin by 42% and 25%,
respectively. the presence of anemic hypoxia.

2. In conditions of chronic fatigue there is a
decrease in osmotic resistance of erythrocytes, as
evidenced by a decrease in the number of osmatically
stable erythrocytes with a gradual decrease in the
concentration of NaCl solution (3.0%; 0.5%; 0.46%;
0.3%).

deterioration of membranes in erythrocytes of
peripheral blood, as evidenced by a decrease in their
osmotic stability and increase in the number of
irreversibly altered forms of erythrocytes of
peripheral blood, as well as a decrease in
erythrocytes of peripheral blood, which is closely
correlated with

It should be noted that in different risk
groups of chronic fatigue syndrome differ leading
factors, as well as major comorbid chronic diseases.

1. In the high-risk group, the main factors are
hypokinesia, overweight, hypertension, hereditary
factors; along with diseases of the cardiovascular
system in this risk group revealed chronic fatigue
syndrome associated with chronic diseases of the
endocrine, musculoskeletal and respiratory systems,
which corresponds to the data of other authors.

2. In the group of medium risk the main
factors are: hypokinesia, overweight, nervous and
emotional overload; chronic diseases of the
cardiovascular, nervous system, musculoskeletal
system and senses, combined with a decrease in disc-
shaped erythrocytes of peripheral blood by 35%.

3. Patients in the low-risk group have
virtually no pathogenetic factors in the development
of chronic diseases. Exceptions are only patients with
severe hypokinesia and nervous and emotional
overload, as well as diseases of the digestive system.
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