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The article discusses the factors that can limit oxygen consumption and performance during moderate power
work. This study aimed to identify how changes in the oxygen-binding properties of blood affect its oxygen trans-
port function and modes of oxygen mass transfer during exercise hypoxia. We examined 12 adolescent girls aged
14-16 who suffered secondary anaemia due to juvenile bleeding (Hb concentration - 10.940.76 g%). For control, 14
healthy girls of the same age were examined (Hb - 12.2+0.14 g%). The girls performed stair climbing for 5 minutes
(power of such work = 50 W, intensity ~ 35-45% of maximum oxygen consumption). As a result of the present study,
we analysed various variants of changes in certain indicators of oxygen mass transfer modes. We were able to in-
vestigate the role of one of the regulators of the oxygen transport function of the blood, which significantly affects
the supply of oxygen to working tissues. It was the oxygen-carrying capacity of the blood, which is determined by
the haemoglobin content in the blood. It was found that a decrease in the oxygen capacity of the blood contributes
to an increase in the oxygen cost of work and oxygen debt. At the same time, the functions of external respiration
and haemodynamics are intensified to a greater extent than in healthy individuals, but their efficiency in supplying
tissues and organs with oxygen is sharply reduced, and the degree of exercise hypoxia increases, which is confirmed

by the development of venous hypoxaemia.

Key words: oxygen capacity of the blood, mass transfer of oxygen in the body and its consumption, muscle activ-

ity, physical performance.

Connection of the publication with planned re-
search works.

The authors obtained the results of these studies in
the course of the research work of the National Univer-
sity of Ukraine on Physical Education and Sport (Depart-
ment of Medical and Biological Disciplines) on the topic:
“Features of somatic, visceral and sensory systems in
qualified athletes at different stages of training” (state
registration number 0116U001614).

Introduction.

The study of the mechanisms of development and
compensation of oxygen deficiency of various genesis
is one of the most pressing problems of modern physi-
ology, pathophysiology, and medicine [1]. Unlike other
hypoxic states, the anaemic form of hemic hypoxia is
characterised by several specific conditions of occur-
rence and mechanisms of development, course and
compensation of impaired functions [2]. It is known that
at rest, a 20% decrease in blood oxygen capacity com-

pared to the norm is almost completely compensated
for by increased cardiac activity, which ensures the nec-
essary oxygen supply to organs and tissues, and second-
ary tissue hypoxia does not develop [3]. The literature
has limited and fragmentary data on what changes in
the mass transfer process and oxygen utilisation cause
such a decrease in muscle activity.

The aim of the study.

To conduct a study to determine how changes in the
oxygen-binding properties of blood affect its oxygen
transport function and modes of oxygen mass transfer
during exercise hypoxia

Object and research methods.

We studied the modes of oxygen mass transfer
in the body (OMT) of 12 adolescent girls aged 14-16
years suffering from secondary anaemia due to juvenile
bleeding (Hb concentration — 10.9+0.76 g%). For con-
trol, 14 healthy girls of the same age were examined
(Hb—12.21+0.14 g%). Girls of both groups performed the
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work at a power of 50 W for 5 min. The intensity of the
load was low (approximately 35-50% of the VO, max).
Following the principles of the Declaration of Helsinki,
all subjects gave written informed consent to the exami-
nation.

Oxygen consumption (thz) was determined using
a mobile ergospirometric system, “Meta Max 3B” (Cor-
tex, Germany). Blood oxygen capacity (BOC) was deter-
mined by haemoglobin concentration. Arterial blood
oxygen saturation (SaOZ) was recorded. Respiratory
rate was calculated, and heart rate (HR) was recorded
using a POLAR device (Finland). Minute blood volume
(MBV) was calculated by the Starr method [4]. The com-
position of inhaled, exhaled and alveolar air was also
analysed using the computer complex “Ergospirometric
system Oxycon Pro” (VIASYS Healthcare, USA-Germany,
Erich Jaeger).

The calculation of oxygen parameters, the construc-
tion and analysis of cascades of the rate of oxygen move-
ment into the body, and RO, parameters were carried
out according to the method of A.Z. Kolchinskaya [5].
We also calculated such indicators of the efficiency of
respiratory and circulatory systems concerning oxygen
consumption as ventilatory (VE) and haemodynamic
(HE) equivalents, as well as the oxygen effects of respi-
ratory and cardiac cycles (q,0,,.and 9.0, ).

The following logarithm of calculations was used
to determine the oxygen-binding properties of blood
(OBP). We calculated the BOC by the concentration of
haemoglobin (Hb), which we learned from the subjects’
medical records and using the Hifner constant. Next,
we experimentally determined arterial blood oxygen
saturation (S O,) using an oximeter (Pulse Oximeter
LK88). Arterial blood oxygen content (CO,) was cal-
culated using the formula (1.34 x Hb x S O,) + (R O, x
0.0031). Knowing C O, and MBYV, the value of the rate of
oxygen transport by arterial blood (g,0,) was obtained.
Subtracting q,0, from this value, we obtained the rate
of oxygen transport by mixed venous blood (q.0,). After
obtaining the preliminary data, we divided ¢,0, by MBV
and obtained the arterio-venous oxygen concentration
difference (C__0,). To obtain the oxygen content in
mixed venous bl)ood (C,0,), we subtracted (C(a_v)Oz) from
C.0,. With the BOC and C,O,, we calculated the oxygen
saturation of mixed venous blood (S,0,). Using the dis-
sociation curve of oxyhaemoglobin and knowing S_0,,
we found the values of PO, and P.O,. We also consid-
ered changes in the temperature and acidity of the en-
vironment according to the literature on their changes
during exercise [6]. The ratio (C(a_v)OZ)/CaO2 was used to
determine the tissue oxygen utilisation rate from arte-
rial blood (KU,O,).

The data were processed to calculate the arithmetic
mean, standard deviation, coefficient of variation, and
representativeness error. The Student’s t-test was used
to determine the statistical significance of the samples’
differences.

Research results and their discussion.

The study revealed that at rest, girls with secondary
anaemia had an increased q,0,, which was obviously
associated with additional energy expenditure to main-
tain a higher MBV than in healthy girls (respectively,
5.7+0.65 — 3.930.12 I/min).

Examinations during physical activity showed that
the oxygen demand for work in girls with anaemia was

30% higher than in healthy girls (fig. 1a). They had a
higher oxygen debt and a prolonged period of recovery
of oxygen consumption. Even 10 minutes after exercise,
the differences were significant.

The reduction in Hb and BOC significantly impacted
the entire mass transfer process and utilisation of oxy-
gen. The higher qtO2 rate was provided by the increased
rate of its mass transfer by blood from the lungs to the
working organs and tissues. As a result, oxygen delivery
was carried out by a significantly higher MBV, but this
was achieved mainly by increased heart rate (fig. 1b).
The stroke volume (SV) calculated immediately after ex-
ercise was almost the same in both groups. The heart
rate during exercise and recovery in girls with anaemia
was more frequent than in healthy girls.

It would seem that to compensate for the reduced
BOC of the body during muscle activity, it was enough
to increase only the volume of blood flow, but the exter-
nal respiratory system was also involved in the compen-
sation process. Thus, the minute volume of breathing
(MV), alveolar ventilation (AV), and respiratory rate (RR)
in girls with low BOC were almost higher at all stages of
the examination (fig. 1c).

As aresult of increased MV, the rate of oxygen supply
to the lungs and alveoli increased (fig. 2). This, against
the background of high blood flow velocity, contributed
to the mass transfer of large amounts of oxygen from
the lungs to the blood, as evidenced by the more com-
plete use of oxygen from the air in the lungs and high
oxygen tension in arterial blood (P_O,).

Because in girls with anaemia, the MV increased to a
greater extent than in healthy girls, it could be assumed
that the efficiency of the external respiratory system in
providing oxygen to the body would be lower in them.
However, in fact, this was not the case. The obtained
material analysis showed that VE and g0, . were al-
most the same as in healthy subjects. It is explained by
the fact that not only ventilation but also g,0, were el-
evated. And only HE indicated that each litre of oxygen
consumed was extracted from a significantly larger (by 6
litres) amount of blood (table). That is, despite the com-
pensation from the circulation, its price for the body
was high.

P 0, was lower in anaemic girls at almost all stages
of the study, although the differences were insignificant.
During exercise and recovery, P,0, was slightly higher
(insignificantly). Nevertheless, the alveolar-arterial RO,
gradient was significantly lower in them than in healthy
subjects. Despite the lower level of P,0,, its mainte-
nance in arterial blood can be explained by several
mechanisms. Firstly, with the same ventilation-perfu-
sion ratio as in the control group, conditions for oxygen
diffusion could be favourable due to the more complete
involvement of poorly ventilated alveoli in gas exchange
and their better perfusion with blood. The contribution
of another mechanism may be more significant. As a
result of chronic blood loss, structural changes in hae-
moglobin molecules could occur [7], affecting oxygen-
binding properties and contributing to better oxygen-
ation of blood in the lungs. Other mechanisms may also
be involved.

P_O,, although significantly lower in girls with anae-
mia, in both groups, it decreased by 10-12 mm Hg, indi-
cating the development of exercise hypoxia. In girls with
low BOC, the oxygen demand was not met by the neces-
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Figure 1 — Changes in qKOz (a), HR and MBYV (b), MV, AV and RR (c) during work and recovery
in girls with normal (1, —) and reduced (2, ----- ) BOC.

160 ISSN 2077-4214. Bichuk npo6nem 6ionorii i Meguumnm — 2023 - Bun. 3 (170) / Bulletin of problems in biology and medicine — 2023 - Issue 3 (170)



Bl010r1A / BIOLOGY

qo?
ml‘min

3600

3200

2800

2400

2000

1600

1200

800

120

100

80

60

40

20

0 123 4 5123 435 6 7 8 9 10mn
State of rest Activity Recovery

Figure 2 — Changes in the rate of oxygen mass transfer (a) and PO, levels (b) during exercise in girls with normal (—) and reduced (-----) BOC.
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sary oxygen delivery to intensively functioning tissues,
and venous hypoxaemia was pronounced. To some
extent, the increase in blood PCO, further aggravated
metabolic acidosis.

Thus, the obtained experimental data confirmed
the results of theoretical studies on the role of BOC in
regulating mass transfer and oxygen utilisation during
muscle activity [8]. That is, as a result of a decrease in
haemoglobin concentration during exercise, even low-
intensity exercise, the oxygen demand of the body in-
creases compared to what is usually observed in healthy
individuals, the oxygen cost of work increases, and the
oxygen debt is more significant. With a 12-15% decrease
in BOC during moderate-intensity exercise, an increase
in oxygen delivery is ensured by increasing MBV, but the
efficiency of haemodynamics in terms of supplying tis-
sues and organs with oxygen is sharply reduced.

It can be assumed that the mechanism of devel-
opment of exercise hypoxia with a decrease in BOC is
mixed. On the one hand, there is no denying the direct
effect of inhibition of oxidative enzyme activity as a re-
sult of a reduction in haemoglobin concentration, and
on the other hand, tissue hypoxia can develop second-
ary to the decrease in the rate of oxygen mass transfer
directly in muscle tissue and a drop in PO, below the
“critical level,” i.e., a violation of the tissue oxygen re-
gime [9, 10].

DOI 10.29254/2077-4214-2023-3-170-158-167
YOK 612.74.,612.886.,612.776.1.,612.1:796
Komonadpe 4. O., ®ininnoe M. M.

Table — Indicators of respiratory and circulatory effi-
ciency in girls with normal (1) and reduced (2) BOC
before and immediately after exercise

Indicators dgﬂgrn?:;t?;n 1 2 P
VE, initial state 38,9+0,85 | 38,4+2,8

units after loading 24,1+1,17 | 27,4+1,4 |=0,05
HE, initial state 29,1+0,71 | 28,6%3,5

unites after loading 12,7+0,53 | 18,7 +2,1 |<0,05

With an even greater decrease in the oxygen capaci-
ty of the blood, as shown by theoretical calculations and
the results of direct studies, the level of exercise hypoxia
increases. The development of venous hypoxaemia con-
firms the last one.

Conclusions.

It has been shown that as a result of a decrease in
the oxygen capacity of the blood during physical activity,
even low intensity, the oxygen demand of the body in-
creases significantly, the oxygen cost of work increases,
the oxygen debt is greater, and the level of exercise hy-
poxia develops to a greater extent.

Prospects for further research.

A more detailed study of the oxygen capacity of the
blood may be the subject of further research.

3HAYEHHA KWCHEBOI EMHOCTI KPOBI ANA PO3BUTKY rMNOKCIT HABAHTAXXEHHA
HauioHanbHuii yHiBepcuTeT $pisnuHOro BUXoBaHHA i cnopTty YKpaiHu (m. Kuis, YKpaiHa)
ll.komolafe@gmail.com

B cmammi po3z2nadaromeca haKmopu, AKi Moxyme obMexcysamu COXUBAHHA KUCHIO Ma rnpaye30amHicmes
pu 8UKOHAHHI pobomu nomipHoi momymHocmi. Memoto daHo20 OocnidxuceHHA byno euasuUMU, AKUM YUHOM
3MIHU KUCHEeB0-38’A3y8asbHUX enacmugocmeli Kposi 8nausarome Ha il KUCHEBOMPAHCNOPMHY (yHKuUito ma
PEeHUMU MacornepeHocy KUCHIO Npu 2inoKcii HasaHmaxceHHA. ObcmexceHo 12 dis4amok-nionimkie 14-16 pokis, Aki
CMpaxoanu Ha 8MOPUHHY AHEMIO BHACMIOOK t08EHINbHUX Kposomey (KoHueHmpauia Hb — 10,940,76 e %). [na
KoHmMposnto obcmexeHo 14 30oposux disuam moeo x 8iky (Hb - 12,2+0,14 2 %). lisuama sukoHysanu nioliom Ha
CXOOUHKY MpomsA2oM 5-mu xsunuH (momyxcHicme makoi po6omu = 50 Bm, iHmeHcusHicme ~ 35-45% makcumaneHo20
CMOMUBAHHA KUCHIO). B pe3ynemami npedcmasneHozo nposedeHo2o 0ocnioxeHHsA bysa0 npoaHanizo8aHo pisHi
8apiaHmMu 3MiH OKpeMUX MOKA3HUKI8 pexcumie maconepeHeceHHA KUCcHo. Ham edasoca docnidumu posnb 00HO20 3
pez2ynamopig KUCHe8OMPAHCMOPMHOI hyHKYiT Kpo8i, AKUli Cymmeso 8MaU8AE HA MOCMAYAHHA KUCHIO 00 NMpaytoYux
MKAHUH. TOKUM 8UABUAACA KUCHEBA EMHICMb KPOBi, AKA B8U3HAYAEMbLCA 8MiCmMoM 2emoznobiHy 8 Kposi. byno
8UABMEHO, W0 3HUMEHHA KUCHEBOI EMHOCMI Kpo8i cripusAe 36inbuweHHo KUCHe8oi sapmocmi pobomu ma KucHego2o
bopey. Mpu ybomy 8 binbwili mipi, Hix y 300posux ocib, iHmeHcupikytomoca pyHKYii 308HIWHLO20 OUXAHHA Ma
2eMoOUHAMIKU, Mpome iX eKOHOMIYHiCMb W000 MOCMAYAHHA MKAHUH MQa OP20HI8 KUCHEM Pi3KO 3HUMCYEMbLCA, a
CcMyniHs 2inoKcii Ha8aHMaxeHHA 36inbwWyemMbCA, Wo MidmaeepOHyeEMbCA PO3BUMKOM 8€HO3HOI 2irnoKcemii.

Knto4osi cnoea: KUCHE8A EMHICMb KPosi, MAconepeHoc KUCHIO 8 Op2aHi3mi ma (020 CroXMuBaHHA, M'A308d
difnbHicme, GizuyHa npaye3damHicme.

38’A30K nyb6nikauii 3 n1aHOBMMM HAyKOBO-AOCNIg-
HUMM poboTamu.

Pe3synbtaT gaHuXx AocnigKeHb OTPMMAaAHI aBTOpamum
Npv BUKOHaHHI HayKoBO-A0CAigHOI poboTn HYDBCY (Ka-
deapa meamKko-6ionoriyHMx AMcumMnaiH) Ha Temy: «Oco-
611MBOCTi COMATUYHMX, BiCLLePaNIbHUX | CEHCOPHUX CUCTEM
y KBanidikoBaHMX CMOPTCMEHIB Ha Pi3HUX eTanax nigro-
TOBKM» (HOMep AeprkaBHoi peecTpauii 0116U001614).

Bcryn.

BuBYeHHA mexaHi3miB PO3BUTKY i KOMMeHcau,ji Kuc-
HeBOi He4OCTaTHOCTI Pi3HOTO reHesy nNpeacTaBaAse cO60w0
OAHY i3 aKTyanbHWUX Npobnem cyyacHoi isionorii, naTto-
¢isionorii, megmumHm [1]. Ha BigmiHy Big iHWMX Frinok-
CUYHMX CTaHIB aHeMiYHa opma remiuHoi rinoKcii xapak-
TEPU3YETLCA PALOM CcneundiUHUX YMOB BUHUKHEHHS i
MEXaHi3MiB PO3BUTKY, NPOTIKAHHA i KOMMeHcauji nopy-
WeHnx GyHKLiK [2]. BiZoMO WO y CTaHi CMOKOK 3HUMKEH-
HA KUCHEBOI EMHOCTI KpoBi Ha 20% NOpPiBHAHO 3 HOPMOIO
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Mai1}Ke NOBHICTIO KOMNEHCYETHCA 3@ PAXYHOK NMOCU/IEHHA
cepueBoi AiAaNbHOCTI, BHACNILOK Yoro 3abesnevyerbcs
HeobXigHe NOCTaYaHHA KUCHIO opraHam Ta TKaHMHaM,
BTOPMHHA TKAHWHHA TiMOKCiA NpU LbOMY HE PO3BUBAETH-
ca [3]. OaHi npo Te, sKi 3MiHM NpoLecy maconepeHocy Ta
YTUNI3aLii KUCHIO BUK/IMKAE TaKe 3HMMXEHHA Npu M'A30Bii
AianbHOCTI B iTepaTypi obmexkeHi Ta dpparmeHTapHi.

Merta gocnigKeHHs.

MpoBecT AOCNIAKEHHA A8 BUABMEHHA TOrO, AKMM
YMHOM 3MiHM KMCHEBO-3B'I3yBaJIbHUX B/IACTUBOCTEN
KPOBi BMAMBAOTb Ha ii KUCHEBOTPAHCMNOPTHY dyHKL 0
Ta PEXMMMU MaACOMNepeHOCy KUCHIO NPU TMOKCIii HaBaHTa-
YKEHHA

06’eKT i meTOAM JOCNigIKEHHA.

BuByanu pexmmm maconepeHeceHHA KUCHIO B Op-
raHiami (PMK) 12 pgisyatok-nignitkis 14-16 pokis, fKi
CTPaXKAann Ha BTOPUHHY aHEMItO BHACAILOK OBEHINbHUX
KpoBoTeY (KoHueHTpauisa Hb —10,910,76 r %). N KOHTp-
onto obcTexkeHo 14 3040poBux AisyaT Toro * Biky (Hb —
12,2+0,14 r %). PoboTa BMKOHyBanaca AiB4aTkamu 060x
rpyn 3a NoTy»kHicTio 50 BT npoTArom 5 xB, iHTEHCUBHICTb
HaBaHTa)keHHA byna Hesucokow (npubamsHo 35-50%
MCK). ¥ BignosigHocTi 3 npuHUMNamm lenbciHcbKol ae-
KnapaLii BCi AoCNiAKYyBaHi Aann NMcbMOoBY iHGOpPMOBaHY
3rogy Ha obCTeXeHHS.

BM3Ha4YeHHA CNOXMBAHHA KUCHIO (thZ) 34iMCcHIOBaNN
3a A0NOMOrot MOobiNbHOT epProcnipoMeTPUUHOI CUCTEMM
«Meta Max 3B» (Cortex, HimeuunHa). KnucHeBy emkictb
KpoBi (KEK) BM3Hauanu 3a KOHLEHTPAL,ED remMornobiHy.
PeecTpyBann HacuueHHA apTepiasibHOI KPOBi KUCHEM
(SaOZ). MigpaxoByBann 4actoTy AmuxaHHsA Ta ¢ikcyBa-
JIM 4acToTy cepueBmux ckopoyeHb (YCC) 3a gonomoroto
npunagy «POLAR» ®iHnaHais). XBUANHHWUA 06’em KpOBI
(XOK) pospaxoByBanu 3a metogom Ctappa [4]. Cknag,
BAMXYBaHOro, BUAMXYBAHOIO Ta a/bBEO/IAPHOIO NOBITPA
QHanNi3yBaNM TaKOXK 3 OMOMOIO KOMM OTEPHOTO KOMI-
nekcy «EprocnipometpuyHa cuctema Oxycon Pro (VIASYS
Healthcare, CLLIA-HimeuunHa, «Erich Jaeger»).

Ob6uYMCNeHHs KUCHEBUX MapameTpiB, nobyayBaHHSA i
aHani3 KacKafisB WBWAKOCTI NepecyBaHHA KUCHIO B opra-
Hi3M, @ TakoX NapameTpis PO, 34ilCHIOBaAW 332 METOAOM
A.3. KonumHcbkoi [5]. TakoxK po3paxoByBann TaKi no-
Ka3HWKM EKOHOMIYHOCTI CUCTEM AMXaHHA Ta KPOBOOLiry
BiHOCHO CMOXWMBAHHA KUCHIO AK BeHTUAAuiiHMIA (VE)
Ta remoAaMHamiyHui (HE) ekBiBaneHTH, a TaKOXK KUCHEBI
edeKTM AMXaNbHOrO Ta CEPLEBOro LIMKAIB (thZRC i thZRc).

[ONnAa BM3HAYeHHA KUCHEBO-3B'A3yBa/ibHUX B/ACTM-
BocTen KpoBi (K3BK) 3acTtocoByBanu Takuii norapudpm
po3paxyHkKiB. Po3spaxosyBann KEK 3a KoOHLEHTpaLji€to
remornobiHy (Hb), npo AKy mu aisHaBanucb 3 meauyHoil
KapTKN [AOCAIAXKYBAHUX Ta BUKOPUCTOBYIOUM KOHCTAHTY
ModHepa. Jani M1 BM3HAYaNN HACUYEHHA apTepianbHOI
KMCHeM KpoBi (S 0,) eKcneprMeHTalbHUM LIAAXOM 3a
ponomoroto okcumetpa (Pulse Oximeter LK88). Bmict
KMCHIO B apTepianbHiii kposi (CO,) pospaxosysanu 3a
dopmynoto (1, 34 x Hb x S O,) + (PO, x 0,0031). 3Hatoun
C,0,7a XOK otpnmyBanu BeNUUMHY LIBUAKOCTI TPAHCMOP-
TYBaHHA KMCHIO apTepianbHOO Kpos'io (g 0,). Aani sig-
HiMaKoun Bif LibOro 3HaYeHHs BennunHy q,0, Mu oTpumy-
Ba/IM MOKA3HMK LUIBUAKOCTI TPAHCMOPTE KUCHIO 3MilLaHO
BEHO3HOIO KpoB'io (q.0,). OTpumaBWwK nonepeaHi AaHi,
My ginvan q,0, Ha XOK Ta oTprmyBasim apTepio-BeHO3HY
Pi3HULIO KOHUEHTPAL,T KUCHIO (C(afv OZ). Ona oTpumaHHA
BMICTY KMCHIO B 3MillaHiii BeHO3HIN Kposi (C O,) mu Big

C,0, BigHimanu c(a_moz. Matoun KEK i C_ O, mu pospaxo-

BYBA/IM CTYMNiHb HACMYEHOCTi KUCHEM 3MilLAHOi BEHO3HOI
Kposi (S, 0,). BuKopuCcTOBYHOUM KpUBY AMcouiaLii okeure-
MornobiHy Ta 3Haroum S, 0, My 3Haxoaum 3HadveHHs PO,
Ta P.O,. Takox BpaxoByBanu 3miHu GakTopy Temnepary-
pU Ta KUCNOTHOCTI cepefoBULLA 3riAHO 3 JaHUMU NiTepa-
TYPU CTOCOBHO X 3MiH Npu $i3MUHOMY HaBaHTaXKeHHi [6].
[na Bu3HaueHHA KoedilieHTa yTUAi3aL,ii KUCHIO TKaHMHA-
My i3 apTepianbHOi Kposi (KU,0,) BukopucToByBasu Big-
HOLLEHHSA (C(a_V 0,)/co,.

Mig, yac 0bpobKM JaHMX MPOBOAMAUCA PO3PAXYHKM
cepefHboro apuPMETUYHOrO 3HAYEHHA, CepesHboro
KBagpaTUYHOTO BigXMneHHs, KoedilieHTa Bapiauii Ta no-
MW/IKW penpe3eHTaTUBHOCTI. [11A BCTAaHOBNEHHA CTaTUC-
TUYHOT 3HAYMMOCTI PI3HULj MiXK MOKasHMKamM BMBIPOK
BMKOPUCTOBYBaBCA Kputepin CTbloaeHTa.

Pe3ynbTati gocnigyKeHHs Ta ix 06roBopeHHs.

B pe3ynbTaTi NpoBeaeHoro AocnigsKeHHa 6yno suas-
NIEHO, LLO B CTaHi CMOKO0 Yy AiBY4aTOK 3 BTOPUHHOIO aHEMI-
€to g,0, 6yno nigsunieHo, Wo ouesnaHo 6yno nos’asaHo 3
[00ATKOBMMM BUTPATaMM eHeprii Ha MiATPUMKY BULLOTO,
HiX y 3g0poBux, XOK (BignosigHo 5,7+0,65 — 3,93+0,12
n/xs).

Ob6cTexkeHHss  npu GisMMHOMY HaBaHTaXKeHHi no-
Kasa/u, WO KMCHEBWI 3anuT Ha poboTy y AiBYATOK, AKi
CTPaXKG4ann Ha aHemito, BuasmBeca Ha 30% BULLUM, HIXK Y
300poBux (puc. 1a). binbwmnm y HUX ByB KMcHeBWUiM 6opr,
3aTArHYTUM nepios BiAHOBAEHHA CMOMKMBAHHA KUCHIO.
HagiTb yepe3 10 xB. MicnA HABAHTAXKEHHA BiAMIHHOCTI
6ynn JOCTOBIPHUMMU.

3HukeHHA BmicTy Hb Ta KEK cnpasuio 3HauHuin
BM/IMB Ha BeCb MpPOLEC MaconepeHocy Ta yTuAisauii
KucHIo. Binbw BUCOKa WwewnaKicTb .0, 3abesnevysanacs
NiABULLEHO LUBMAKICTIO MOr0 MacomnepeHocy Kpos'to
Bif, 1ereHb [0 NPaLOOYNX OpraHiB Ta TKaHWH. B pe3ynb-
TaTi, A4OCTAaBKa KUCHIO 34iMCHIOBaNacA 3Ha4YHO Hinblnm
XOK, npoTe ue Aocaranoca nepesaxkHO MoYacTillaHHAM
cepueBux ckopoudeHb (puc. 16). YoapHuit o6’em Kposi
(YO), pospaxoBaHuit Bigpasy Micns HaBaHTaXeHHA, B
0b6ox rpynax 6ys maiixke ogHakosum. YCC y nepiog, Ha-
BaHTAXXEHHA Ta BiAHOB/IEHHA Y AiBYATOK 3 aHeMieto byna
YacTiLWOLO, HiX Y 340POBUX.

3paBanocsa 6, Wwo A1a KomneHcau,ii 3HuKeHoi KEK op-
raHismy npv m’s30Bii 4ianbHOCTI 4OCTaTHLO 6yn0 36i1b-
LUNTK NnLe 06’EMHUIA KPOBOTOK, ane B NPOLLEC KOMMEH-
caujii 3any4mnaca i cMcTtema 30BHILWHLOIO AMXaHHA. TaK,
XBUAWHHUI 06’em anxaHHs (XO), anbBeonsipHa BEHTUASA-
uin (AB), Ta yactoTa AmxaHb (Y[) y AiBY4ATOK 3 HM3bKOKO
KEK 6y/1M NpaKTUYHO BULLMMM Ha BCiX eTanax 0bCcTexeH-
HA (puc. 1B).

B pesynbrati nigsuweHoro XO[ 36inbliyBanaca
WBWAKICTb HAAXOAKEHHA KUCHIO [0 SIereHb Ta a/1bBEO
(puc. 2). Lle, Ha Tni BUCOKOT LIBUAKOCTI KPOBOTOKY, CNpU-
A710 MaconepeHOCy BEIMKUX KiIbKOCTEeN KMCHIO 3 fiereHb
00 KpOBi, CBiAYEHHAMM YOro 6y/n NOBHiLle BUKOPUCTaH-
HA KWCHIO 3 MOBITPA B JIer€HAX Ta BUCOKE HaMPYXKeHHA
KMCHIO B apTepiasibHiii kposi (P 0,).

Y 3B’A13Ky 3 TUM, LLO Y AiBYaTOK 3 aHemieto XO/1 36inb-
LWyBaBCs BiNbLIOK MiPOIO, HiX Y 3/10pOBMX, MOXHa by10
NPUNYCTUTK, WO EKOHOMIYHICTb GYHKLIOHYBAHHA cUCTe-
MW 30BHILIHbOrO AMXaHHA WoA0 3abe3neyeHHA opraHis-
MY KUCHEM BUABUTBLCA Y HUX HUXKYO. O4HAK Hacnpasai
Le 6yno He TaK. AHa/i3 OTPMMaHOro maTepia/ly NoKasas,
wo VE Ta q,0,,. Y HMX ByNM NPaKTUYHO TaKMMM 3K, AK Y
300poBUX. [MOACHIOETBCA Lie TUM, L0 He NnLie BEHTU-
NALA nereHb, a i q,0, 6ynu nigsuiweHumun. | anwe HE
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Cran cniokoro Pobora BigHoeaenHa

PucyHok 1 —-3minmn q,0, (a), YCC ta XOK (6), XOA, AB ta Y/ (8) npu po6orTi Ta BigHOBAEHHI Y AiBUATOK 3 HOpPManbHoIo (1, —)

Ta 3HUXKEHOoI (2, ----- ) KEK.
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BKa3yBaB Te LLO, L0 KOMKEH JIITP CMOXUTOTO KUCHIO BU-
/lyyaBcA 3 JOCTOBIPHO BinblWOi (Ha 6 N1) KiNbKOCTi KPOBI
(rabn.). TobTo, He3BaxKatouM Ha KOMMeHcalilo 3 GOoKy
KpoBOObiry, ii LiHa AnA opraHi3my BUABMAACA BUCOKOLO.

P,O, NpaKkTM4HO Ha BCiX eTanax AOCNiAMEHb y aHe-
MIYHUX [iBYATOK OYB HMMKYMM, X04ya BiAMIHHOCTI 6yau
HepocToBipHMMK. P O,y npoueci HaBaHTaXKEHHA Ta B
nepiog BiAHOBNEHHA BUABMBCA Aello 6inbw (HegocTo-
BipHO) BMCOKMM. TM He MeHL, a/bBEONAPHO-apTepi-
anbHWii rpagieHT PO,y HUX 6yB AOCTOBIPHO HUMXKUMM,
HIXX Yy 300pOBUX. He3Baxatoum Ha MeHLWwii piseHb P O,
NiATPMMaHHA 110ro 6iNbl BUCOKMM B apTepianbHi KPOBi
MOXHa MOACHUTU KiIbkKOMa mexaHismamu. [lo-nepue,
NPW TaKOMY K K Y KOHTPOAbHIM rpyni BiAHOLWEHH| BeH-
TMaAuis-nepoysia ymosu ana andysii KUCHIO Moran 6yTu
CNPUATAMBUMM 33 PaxyHOK Oifibll NOBHOIO BK/IOYEHHSA
B ra3006MiH a/bBEO, LLO MOraHO BEHTUAIOKOTLCA, | Kpa-
woi ix nepdysii Kpos’to. CyTTEBILLMM MOXKe OYTU BHECOK
iHLIOro MexaHi3amy: B pe3ynbTaTi XPOHIYHMX KPOBOBTPAT
MOF/IN HaCTYMUTW CTPYKTYPHI 3MiHU MOIEKyN remornobi-
Hy [7], WO BN/IMBAlOTb Ha KMCHE3B’A3yBa/IbHi BNACTUBOCTI
i CnpMAOTb KpaLLin oKcureHauii Kposi B iereHax. Moxknu-
Ba Y4acCTb i iHLMX MexaHi3MmiB.

P.O, xou i 6yno y AiB4aTtok 3 aHemiel AOCTOBIPHO
MeHLWMM, B 060X rpynax BOHO 3HM}KyBanoca Ha 10-12
MM PT. CT., WO CBIAYMNO NPO PO3BMOK FiNOKCii HaBaHTa-
YKeHHA. Y aisyat 3 HM3bKoto KEK, KMCHeBUI 3anuT He 3a-
6e3neyvyBaBcA HEOOXiAHOK AOCTABKOK KUCHIO 4O NOCK-
NeHo QYHKLiOHYHOUMX TKAHWH, BEHO3Ha rinoKkcemia byna
AICKPaBO BMpaxKeHoo. 36inbwenHs PCO,y KpoBi AeaKoto
MipOIO 4,0AATKOBO NOCU/IIOBANO METAbOoNIYHMNIA aLumna03.

TakKMM UYMHOM, OTPUMaAHI EeKCnepuMeHTasbHI AaHi
NiATBEPAMUNAN PE3YNbTATU TEOPETUYHUX AOCNIANKEHDb NPO
ponb KEK y perynauii npoLecy maconepeHocy Ta yTuaisa-
Lii KUCHIO Npy m’A308Bil aisnbHOocTi [8]. TobTo, B pe3ynbra-
Ti 3HUMKEHHSA KOHUEHTpaLji remoriobiHy Npu BUKOHAHHI
bi3UYHMX HaBaHTaXKeHb HaBiTb HEBUCOKOT iHTEHCUBHOCTI
3pOCTaE, NOPIBHAHO 3 TUM, LLLO CMOCTEPIraETbCA 3a3BUYal
Y 3[0pOBMX 0Cib, KUCHEBUIA 3aNUT OpraHiamy, 36inbLuy-
€TbCA KUCHEBA BapTiCTb poboTH, BiNbluMM BUABAAETHCA

KMcHeBUn 6opr. Mpu 3HMKeHHI KEK Ha 12-15% Hopmu
NPV HaBaHTa*KEHHAX MOMIPHOI IHTEHCMBHOCTI 33 PaxyHOK
36inbweHHs XOK 3abe3nevyeTbea NiABULLEHHA AOCTaBKM
KUCHIO, NPOTE EKOHOMIYHICTb FreMOANHAMIKKM oo no-
CTAYaHHA TKAHWH Ta OPraHiB KUCHEM Pi3KO 3HUKYETLCA.

MorKHa nepefbaymTy, WO MexaHi3M PO3BUTKY FiNOK-
Cii HaBaHTa)KeHHA npu 3HUXKeHHi KEK mae 3miwaHuii
XapaKkTep. 3 ofHOro 60Ky, HEMOKHa 3anepeyyBaTi Mpo
NPAMUIA BNANB NPUFHIYEHHA AKTUBHOCTI OKMC/IOBA/IbHUX
bepmeHTiB B pe3ynbTaTi 3HUMKEHHA KOHLUEHTpaLi remo-
rnobiHy, a 3 iHWoro 60Ky, TKAHWMHHA FiNOKCiA MOoXKe Po3-
BMBATUCA BTOPWMHHO B Pe3ynbTaTi 3HUMKEHHA LUBUAKOCTI
MaconepeHeceHHa KUCHIO 6e3nocepesHbo B M’A30BIN
TKaHWHI i NagiHHi PO, HUKYe «KPUTUYHOIO PiBHAY, TOBTO
NOPYLUEHHI KUCHEBOTO PeXMMy TKaHMHM [9, 10].

Mpw we 6inblioMy 3HUMKEHHI KUCHEBOI EMHOCTI KPOBI,
AK MOKa3yloTb TEOPETUYHI PO3PaxXyHKU Ta pe3ynsTaTu
6e3nocepeaHix AoCniaxKeHb, pPiBeHb TiMOKCii HaBaHTa-
*KeHHA 3pocTae. OCTaHHE MiATBEPAMKYETbCA PO3BUTKOM
BEHO3HOI rinokcemii.

Tabnaunua — MNoKasHUKM EKOHOMIYHOCTi AUXaHHA

Ta KPoB0OG6iry y AiBuaToK 3 HopmasbHoo (1)
Ta 3HUXKeHolo (2) KEK po Ta Biapasy nicna

HaBaHTaXXeHHA
MoKa3HUKK WL 1 2 P
BU3HAYEHHA
BE, BMX. CTaH 38,9+0,85 | 38,4+2,8
Bi4H.0A4. nicnAa HaBaHTaxkeHHs | 24,1+1,17 | 27,4+1,4 |=0,05
rE, BMX. CTaH 29,1+0,71 | 28,6%3,5
Bi4H.04. nicns HaBaHTaxkeHHAa| 12,7+0,53 | 18,7 £2,1 |<0,05
BucHoBKM.

MoKasaHo, WO B pe3ynbTaTi 3HUMKEHHA KUCHEBOI EM-
HOCTi KpOBi MpW BUKOHAHHI Gi3UYHMX HaBaHTaXeHb Ha-
BiTb HEBMCOKOI iIHTEHCMBHOCTI 3HA4YHO 3POCTAE KNUCHEBUI
3anuT opraHi3my, 36iNblYeTbCA KMCHEBA BapTicTb pobo-
T, BiNbIMM BUABNAETLCA KMCHEBUIA Bopr, A0 6inbluoro
CTYNeHA PO3BUBAETHLCA MNOKCIA HABAHTAXKEHHS.

MepcnekTUBM NOAANBLUNX AOCAIAMKEHD.

Binbw peTanbHe NMUTAaHHA KUCHEBOI EMHOCTI KPOBI
MOXKe ByTV NpesMeTOM NoAaNbLINX AOCAIAKEHD.

-
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3HAYEHHA KUCHEBOI EMHOCTI KPOBI A1 PO3BUTKY FMOKCIi HABAHTAXEHHA
Komonade A. O., dininnos M. M.
Pestome. Y Ujili CTaTTi pO3MALAETLCA BAXKAMBUIA acneKT ¢isionorii, a came BNAMB 3MiH KMCHEBOT EMHOCTi KPOBI, AKa

BM3HAYAETbCA BMICTOM reMorno6iHy, Ha NpoLec NOCTaYaHHA KMCHIO A0 MPALLOOYMX TKaHUH. [aHi, oTpMMmaHi nig yac
NPOBeAEHOro AOCNIAKEHHA, NIATBEPANKYIOTb PE3YNbTaTM TEOPETUYHMX NMOMOXKEHD, AKI CTOCYHOTLCA PO/ KUCHEBOI EM-
HOCTI KPOBI y perynsuii npoueciB MaconepeHocy Ta yTUAi3aL,il KUCHIO NpY M'A30Bil A4isIbHOCTI.
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OTKe, BapTO BiA3HAUMTK, WO Mig vac Gi3MYHUX HaBaHTaXKeHb, HaBiTb HEBUCOKOT iIHTEHCUBHOCTI, 3HUMEHHA KOHLLEH-
TpaLii remorno6iHy y KpoBi MPU3BOAUTb A0 36iNbLUEHHA KMCHEBOTO 3anmnTy OpraHiamy Ta 3pOCTaHHSA KMCHEBOT BApPTOCTi
BMKOHaHOI pob0TK. 3 iHWOro 6OKy, Le TaKoXK NpU3BOAUTb A0 36ibLUeHHA KUCHEBOrO 6opry, MOPIBHAHO 3 TUM, LLLO CMO-
CTepiraeTbcA 3a3BMYal y 380p0BUX ocib.

Mpw 3HWXKEHHI KUCHEBOI EMHOCTI KpOBi Ha 12-15% HOpMW NP HaBaHTaXKEHHAX MOMIPHOI IHTEHCMBHOCTI 33 paxy-
HOK 36inblUEHHA XBUIMHHOIO 06’eMy KpoBi 3abe3neuyeTbca, Xo4a i He B MOBHIM Mipi, BiANOBiAHA 3anUTy AOCTaBKa
KUCHIO, MPOTE EKOHOMIYHICTb reMOAMHAMIKM LLOAO0 MOCTaYaHHA TKAHWH Ta OpPraHiB KMCHEM PIi3KO 3HWMMKYETbCA. Mpu
e 6inbLIOMY 3HUNKEHHI KUCHEBOT EMHOCTI KPOBI, K MOKa3a/IM TEOPETUYHI PO3paxyHKM Ta pe3yabTatn 6esnocepesHix
[OCNigXKeHb, piBEHb FiNOKCIi HaBaHTaXKeHH:A 3pocTae. OCTaHHE NiATBEPAKYETLCA MOKA3HUKAMM BEHO3HOI rinoKcemil.

Lle pocniarkeHHn BUOKPEMMUIO BaXKAMBUI acnekT y ¢isionorii Ta 6Gioximii KPoBi Ta BKa3ye Ha MOXK/MBOCTI ONTUMi-
3auii npoueciB KNCHEBOro TPAHCMOPTY Mif, Yac rinoKCii, HANPUKAaA, 3a JONOMOrOK BAOCKOHA/IEHHA KMCHEBOI Tepanii
260 iHWKX MegnuHKUX nigxoais. TaKUM YMHOM, LA pobOoTa CNPAMOBYE HAC HA WAAX A0 KPALLOro PO3YMiHHA BaXKAMBOCTI
KMCHEBOI EMHOCTI KPOBi B YMOBaX CTPeCy i MOXKe MaTh NPaKTUYHe 3aCTOCyBaHHA B MeAMLMHI Ta CNOPTI 419 NOKPALLLEH-
HA Gi3MYHOT BUTPMBANOCTI Ta 300p0B’A opraHiamy. Kpim Toro, BOHa MoKe 3HaWT! NpPaKTUYHe 3acTocyBaHHA B cdhepax
MeANLMHM Ta CNOoPTY, CIPUAYN NiABULLEHHIO Gi3MYHOT BUTPMBAOCTI Ta 3arasibHOro 340p0B’A opraHismy. Lia pobota
BiIKPVBAE NEPCMNEKTUBM A1A NOAA/bLIMX HAYKOBUX AOCNIAMKEHDb i MOXKe CNyryBaTM OCHOBOW A1 PO3POOKM HOBMX
MeTOoZiB Ta CTpaTerii y ranysi MeguuHux Ta 6ionoriyHNX Hayk.

KntouyoBi cnoBa: KMCHEBA EMHICTb KPOBi, MaconepeHoc KMCHIO B OpraHiami Ta MOro CnoXKMBaHHA, M'A308a Aisasb-
HicTb, Gi3MYHa NpaLe3aaTHICTb.

THE VALUE OF BLOOD OXYGEN CAPACITY FOR THE DEVELOPMENT OF EXERCISE HYPOXIA

Komolafe D. O., Filippov M. M.

Abstract. This article discusses an important aspect of physiology, specifically the effect of changes in the oxygen
capacity of the blood, which is determined by the hemoglobin content, on the process of supplying oxygen to working
tissues. The data obtained during the conducted research confirm the results of theoretical propositions concerning
the role of blood oxygen capacity in the regulation of mass transfer processes and oxygen utilization during muscle
activity.

So, it is worth noting that during physical exertion, even of low intensity, a decrease in the concentration of
hemoglobin in the blood leads to an increase in the body’s oxygen demand and an increase in the oxygen value of
the work performed. It also leads to an increase in oxygen debt, compared to what is usually observed in healthy
individuals.

When the oxygen capacity of the blood is reduced by 12-15% of the norm during moderate-intensity exercise due
to an increase in the minute volume of blood, the oxygen supply corresponding to the demand is ensured, although
not to the full extent, but the economy of hemodynamics in relation to the supply of tissues and organs with oxygen
is sharply decreases. With an even greater decrease in the oxygen capacity of the blood, as shown by theoretical
calculations and the results of direct research, the level of hypoxia of the load increases. This is confirmed by indicators
of venous hypoxemia.

This study highlighted an important aspect in the physiology and biochemistry of blood and points to the
possibility of optimizing the processes of oxygen transport during hypoxia, for example, by improving oxygen therapy
or other medical approaches. Thus, this article leads us on a path to a better understanding of the importance of
blood oxygen capacity under stress conditions and may have practical applications in medicine and sports to improve
physical endurance and body health. In addition, it can find practical application in the fields of medicine and sports,
contributing to the increase of physical endurance and general health of the body. This article opens perspectives for
further scientific research and can serve as a basis for the development of new methods and strategies in the field of
medical and biological sciences.

Key words: oxygen capacity of blood, mass transfer of oxygen in the body and its consumption, muscle activity,
physical capacity.
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