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DYNAMICS OF PHYSICAL DEVELOPMENT IN YOUNG PEOPLE AGED 17-21 YEARS OVER THE PERIOD OF
EDUCATION AT HIGHER EDUCATION INSTITUTIONS

Orlyk N. A., Bosenko A. I., Topchii M. S., Dyshel G. O.

Abstract. Modern scientists define physical development as a natural biological process of changing the forms
and functions of the human body, which occurs throughout the life and is caused by internal factors, the natural
environment and social conditions. Currently, the health level of the population in Ukraine is extremely low. It
directly depends on the lifestyle of the population, namely, its level, quality, pattern of behavior and structure.

Most modern scientists are tend to believe that the lack of physical activity and limited possibilities to engage in
physical activity and sports negatively affect the physical development, health and physical parameters of children,
youth and the older generation. Therefore, the study of characteristic features of the physical development in
student youth is relevant and does not lose its practical value.

The aim of the study was to conduct a comprehensive assessment of the physical development in students of
the Educational and Scientific Institute of Physical Culture, Sports and Rehabilitation (ESIPCSR) of K. D. Ushynskyi
University and to analyze the findings obtained in terms of current data regarding the physical development of
young people aged 17-21 years studying at higher education institutions.

Object and research methods. The comprehensive study included 466 I-1V year students, among which 133 -
the first-year students, 149 - the second-year students, 109 - the third-year students and 75 - the fourth-year
students. Anthropometric examination included measuring the length and weight of the body, as well as the chest
circumference at rest, on inhalation and exhalation. The dynamics of physical development was evaluated according
to mass, dynamic and vital indicators. The data obtained were processed with descriptive methods of statistical
analysis.

Results and discussion. The study determined that the physical development of the examined students according
to the average group data corresponded to the regional and normative values for the age and gender groups.

Considering the individual and constitutional proportions, the dolichomorphic body type was characteristic
of 7% first-year students, but in the second year of study, their body weight and chest circumference increased.
According to the body mass index, there was a general tendency towards harmonious physical development. The
study revealed that with age, the body structure of young men became more proportional, the number of students
with underdeveloped chest decreased (Erisman index).

The data of the life index calculation indicated that with age, all the examined students had a tendency to
decrease the life index value, which was caused by the increase in body weight and the decrease in the vital capacity
of the lungs. This led to the general decrease in the reserve of external respiration functions.

The assessment of the power index determined that the level of muscle development in young men was at the
low and low average levels. This trend indicated the decrease in the reserve function of the muscular system.

Conclusions. While conducting investigation, we determine the positive dynamics of body weight and chest
circumference of the examined students, as well as the functional deterioration of the external respiration and the
decrease in the level of muscular system development in young men of the Department of Physical Education of I-IV
training courses.

Key words: students, physical development, anthropophysiometric parameters, mass-height index.
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Introduction. Any biosystems exist only in the water
solutions and are very sensitive to their characteristics.
At the cryostorage the solutions tonicity increase due to
water freezing and the cell survival depends on their os-
motic adaptation [1].

The cell safety is highly dependent on the conditions
which precede the critical exposures [2,3]. The different
pre-dehydration level changes the RBCs ability to sur-

vive at hypertonic conditions (4 M NaCl) multidirection-
ally [3]. There are also the lyotropic anions (LA) specific
properties (cosmotropes NaSO,, NaF, NaAc and chao-
tropes NaCl, NaBr, NaClO,) [4-8] that influence on the
RBC osmotic adaptation [3,9,10]. However, the laws of
these influences haven’t been explained yet [11].

The aim of our investigation was to study the effect
of various anions on the erythrocyte membrane state in
order to explain their disadaptation in hypertonic condi-
tions. This is important for directional correction of the
cells state using the lyotropic effect at their cryostorage.

Object and methods. The RBCs were obtained from
the blood of the male donor having the blood type A (II).
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Figure 1 — The dependence of the erythrocyte suspensions hematocrit (solid lines) from the pre-incubation solutions osmolality
in comparison with the level of hypertonic lysis after the pretreatment at same solutions at 37°C (dotted lines) (A (chaotropes):
1-SCN, 2-ClO,, 3-Br, 4—Cl; B (cosmotropes): 5—F, 6 — Ac, 7—S0,*).

Obtained erythrocytes were washed by three-time with
0.15 M sodium chloride solution (with 10 mM phos-
phate-buffer, pH 7.4) and centrifuged at 3000 rpm with
a subsequent aspiration of supernatant and buffy coat.

The hypertonic lysis (HL) was realized by the trans-
ferring cells aliquot to 4 M sodium chloride solution
for 5 min (at 37°C or 0°C) after the pre-incubation for

Figure 2 — The morphology of the RBC incubated for 10 min at 37°C
in the solutions with osmolality corresponding to: A — physiological
conditions; B — the minimum HL level (for CIO, and SO, > - 600
mOsmol/kg, for CI, Ac and F'— 900 mOsmol/kg); C — the maximum
HL level (for ClO, and SO > — 1200 mOsmol/kg, for CI and F — 1500
mOsmol/kg and for acetate’ — 1800 mOsmol/kg).

2 min at the mediums containing NaSO,, NaF, NaAc (ac-
etate), NaCl, NaBr, NaClO,. The solutions containing the
lyotropic anions had the tonicity 300-2400 mOsmol/kg.
(The NaF has limited solubility and gives a maximum to-
nicity in 1500 mOsmol/kg solution). The solutions tonic-
ity was monitored on a cryoscopic osmometer (OMKA
1C-01, Medlabortekhnika, Ukraine). The hemoglobin
level in the supernatant was determined by spectropho-
tometry (A = 543 nm).

The relative RBC volume was measured by microhe-
matocrit method. The cell morphology was studied by
light microscopy (STUDARE microscope, Poland) and re-
corded with a CANON PowerShot A510 digital camera.

Statistical analysis was performed using the Mann-
Whitney test. The experimental data are presented as
arithmetic mean + standard deviation (U <0.05).

Results and discussion. The RBC sensitivity to HL in 4
M NaCl (after partial dehydration by the NaCl solutions
series with increasing tonicity) non linearly varies. There
are a three adaptation phases: dynamic, stabilization (at
800 mOsmol/kg) and sensitization (at 1400 mOsmol/
kg). At the other anions in media these phases measure
up other osmolality [12].

In fig. 1 (dotted lines) shows the effect of pretreat-
ment at solutions with LA on the RBC adaptation to the
HL at physiological temperature.

Obviously, the shift of the adaptation phases de-
pends on the lyotropic properties of the anions. Despite
the differences, the strong lyotropic properties both
cosmotropes and chaotropes make cells more sensitive
to the HL at 4 M NaCl.

In order to clarify differences on the cell osmotic
state at the cosmotropes and chaotropes effect we
studied the RBC volume parameter (fig. 1 (solid lines)).

A positive correlation is observed between the he-
matocrit in the pre-incubation solutions and the HL
level, prior to the sensibization phase. The cells stability
acquirement is clearly associated with the end of the ini-
tial cell volume decrease that achieved at the individual
media tonicity values for every LA. As for cell volume
level, it gradually decreases level from chaotropes (10%
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for ClO,’) to cosmotropes (6% for SO,*). Thus, there is no
the single critical RBC volume that is the stability marker
or the destruction cell trigger.

In the adaptation phases sensitization the change in
hematocrit level was radically different. An explanation
of such effects was obtained by examining the morphol-
ogy of the RBC, which gives an idea of their membranes
architecture (fig. 2).

It can be seen at the high tonicity (fig. 2, C) the cells
transform by the chaotropes and cosmotropes in the
different ways. In case of the ClO4- the RBC take the
highly compressed echinocytes form with a lot of spic-
ules, i.e. with the labile lipid bilayer. On the other hand,
cosmotropes make RBC highly dehydrated disco-echino-
cytes with a stable membrane. Excessive stabilization of
the erythrocyte membrane leads to fragility of the cells,
and the membrane destabilization —to the cell adhesion
during sensitization to the HL. Under these critical con-
ditions, the form factor significantly affects the hemato-

crit, which doesn’t give an idea of the true cells volume
[11].

Conclusions. Thus, under the influence of anions
with different lyotropic characteristics, the cells acquire
differences in the structural state, changes in the vol-
ume characteristics, and the ability to withstand HL.
The incubation with the kosmotropes was accompa-
nied by the lipid bilayer structure stabilization and the
membrane permeability decrease and there are op-
posite changes for the chaotropes. Such effects can be
explained by the fact that the state of biostructures at
the cellular level largely depends on the properties of
the surrounding water, which are affected by lyotropic
anions.

Prospects of further research. Based on this, it can
modulate the state of cells using the properties of lyo-
tropic anions or other particles, combining their differ-
ent characteristics ones in solution and using in various
fields of the cryobiology and biotechnology.
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BN/UB NIOTPONMNHUX AHIOHIB HA CTAH MEMBPAHU EPUTPOLUTIB

Makynoga O. K., BoHgapeHkKo B. A., KoctiHa l. O.

Pe3tome. byab-siki biocucTemM iCHYHOTb INLLE Y BOAHWUX PO3YMHAX i Ay*Ke YYTAMBI A0 iX XapaKTepucTuk. Mpu
Kpio3bepiraHHi TOHIYHICTb PO34YMHIB 30iNbLIYETLCA Yepe3 3amep3aHHA BOAMW, @ KUTTE3LATHICTb KAITUH 3aneXuTb
Bif, IX OCMOTUYHOI afanTaLii, KOTpa, y CBOI Yepry, KepyeTbCA YMOBaMM, WO NepeayoTb KPUTUYHOMY BMINBOBI.
Tak, pi3HUI piBeHb NonepeaHbOi AeriapaTaLii 3miHe 3aaTHICTb RBC BUXKMBATM NPU FiNepTOHIYHKX ymoBax (4 M
NaCl). IcHyoTb TaKoX cneundiyHi BACTUBOCTI NIOTPONHMX aHIOHIB (KOCMOTPOMHUX SOAZ', F, Ac’ Ta xaoTponHux Br,
CIO4' Ta SCN’), Wo BNAMBAOTL HA OCMOTUYHY aganTauito RBC. Bifomo, Wo aHioHM, AKi MaloTb BMpPaXKeHi NioTPOnNHi
BNACTUBOCTI He CNPUAOTb OCMOTUYHIN aganTauii KaituH y 4 M NaCl BiAHOCHO NiOTPONHO-HENTPaNbHOIO X/0pUA-
QHIOHY, OAHAK 3aKOHOMIPHOCTI Ta MPUYMHK LUUX BMJIMBIB LLE HE NMOACHEHO.

ToMy METOH HaLIoro AOCNIAMKEHHS By/0 BUBYEHHS BM/IMBY Pi3HUX aHIOHIB Ha CTaH memMbpaHu epuTPOLMTIB 3
METOI MOACHEHHSA iX Ae3a[anTauii B rinepTOHIYHMX YMOBAX, LLLO BAa*KANBO A5 CMIPAMOBAHOI KOpPeKL,ii CTaHy KNITUH
3a I0NOMOTOH0 NlioTpoNHOro edeKTy aHioHIB y cepeaoBuLLi Npu KpiosbepiraHHi.

MoKa3aHo, WO NO3UTMBHA KOPEeALiA CNOCTEPIraETbCA MiXK reMaTOKPUTOM B iHKyDaLiMHNX pO34MHaX Ta piBHEM
rinepToHiYHoro nismcy. HabyTTs CTIMKOCTI KNiTMH MoB’A3aHe 3 3aKiHYeHHAM 3MeHLIeHHA novaTkoBoro ob’emy
KNITUHUW, WO AOCATAETLCA NPWU IHAMBIAYaNbHUX 3HAYEHHAX TOHIYHOCTI CepefoBMLLA A/1A KOXHOMO NiOTPOMHOro
aHioHy. LLlo cTocyeTbca 06’emy KAITMH, TO BiH NOCTYNOBO 3HWUMKYETbCA Big, XaoTponHux (10% ana CIOA') [0 KOCMO-
TponHux (6% ana SO,”).

MopdonoriuHuii aHani3 gos.is, WO iHKybalia cynpoBoaxyBanacs cTabifisalieto CTpyKTypu ainigHoro 6iwapy Ta
3MEeHLUEHHAM NPOHUKHOCTI MeMBpaHu A8 KOCMOTPOMNHOI, Ta MPOTUAEKHUMM 3MiIHAMM A/1A XaOTPOMHOT FPpynu Ya-
CTUHOK.

T.4., MEXaHi3M MOLUKOAMKEHHA NPU FiNepPTOHIYHOMY Ni3UCI ANA UMX BUAIB aHIOHIB Pi3HWIA Ta 3a/1E€XKUTb Bif, CTaHy
BOAM Y PO34YMHI, 3MIHIOOUYM AKUI 3@ AOMOMOrOl aHioHIB, abo IHLWMX IOTPOMNHMX YAaCTUHOK MOKHA CMPAMOBAHO
KepyBaTM MembpaHoo KAITMH Ta iX OCMOTUYHO NoBeaiHKow. OCKiNIbKM BOHWM MatloTb Pi3Hi anropuTmum BNaAnBY, TO
KOMBIiHYIOUM iX XapaKTePUCTUKMN B PO3UMHI MOXKHA JOCATTU PiSHOMAHITHMX eDeKTIB, Lo € MOTPIBHUMM Y LUIMPOKOMY
CMEeKTPi HaNPAMKIB.
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KniouoBi cnoBa: epuTpoumTH, aHiOHN paay fodmelicTepa, OCMOTUYHA afanTaLin, rinepTOHIYHWUIA Ni3KC, KNITUHHA
membpaHa.

BIMAHUE TIMOTPOMHbIX AHUOHOB HA COCTOAHUE MEMBPAHbI 9PUTPOLUTOB

Makynosa O. K., boHpapeHKo B. A., KoctuHa U. A.

Pestome. V13BECTHO, YTO aHMOHbI C BbIPaXKEHHbIMM IMOTPOMHbLIMM CBOMCTBAMM He CNOCOBCTBYIOT OCMOTUYECKOM
afanTaunu knetok B 4 M NaCl, noatomy uccnegosanv usmeHeHus B Mophoiornm n obbeme apuMTPOLLMTOB B cpesax
c kocmoTponHbimu (F 1 SO,*)  xaotponHbeimm (CIO, n SCN') aHnoHamu. MHkybauma conposoxaanack ctabunmsa-
UMei CTPYKTYPbI IMNUAHOTO BUCN0A U YMEHbLUEHMEM NPOHMULAEMOCTY MeMbBpaHbl A5 NepBOi, U NPOTUBOMONOXK-
HbIMM U3MEHEHUAMM A1 BTOPOW rpynmnbl aHUOHOB. T.0., MEXaHMU3M MNOBPEXAEHUA NPU TMNEPTOHUYECKOM N3UCe
ON19 3TUX BUAOB aHWOHOB Pas/IMYEH U 3aBUCUT OT COCTOAHMA BOAbI, M3MEHAA KOTOPOE MNOCPEACTBOM JIMOTPOMHbIX
YacTWL, MOYKHO HanpaB/ieHHO YNPaBAATb KAETKOW.

KnioueBble c/0Ba: 3pUTPOLMTBI, aHMOHbI pada lodmelicTepa, ocMOTMYECKas afdanTaumsa, rMnepTOHUYECKUi
JIM3UC, KNeToYyHas membpaHa.

THE LYOTROPIC ANIONS INFLUENCE ON THE STATE OF ERYTHROCYTE MEMBRANE

Pakulova O. K., Bondarenko V. A., Kostina I. O.

Abstract. It is known that anions with pronounced lyotropic properties don’t contribute to the cells osmotic
adaptation in 4 M NaCl. Therefore, the changes in the red blood cells morphology and volume in media with
cosmotropic (F and SO,*) and chaotropic (ClO,” and SCN’) anions were studied. The incubation was accompanied
by the lipid bilayer structure stabilization and the membrane permeability decrease for the first anion group and
there are opposite changes for the second one. Thus, the hypertonic lysis damage mechanism for these anion types
is different and depends on the state of water. So, the cell can be controlled by changing the state of water using
particles with various lyotropic properties.

Key words: erythrocytes, anions of the Hofmeister series, osmotic adaptation, hypertonic lysis, cell membrane.
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