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STUDY OF THE IMMUNE SYSTEM PARAMETERS
IN WRESTLERS AT DIFFERENT STAGES
OF THE TRAINING PROCESS

The objective of this study was to identify the effect of the training process on the parameters of the
immune system in wrestlers at various stages of training. It was established that in the preparatory and
competitive periods of the training macrocycle, under the effect of physical loads in athletes, the total
content of CD3 + -, CD4 + -, CD8 + — lymphocytes decreases in the peripheral blood with the formation
of a relative hyper suppressive variant of the immunodeficiency state. There is no complete normaliza-
tion of the parameters of the subpopulation composition of lymphocytes in the transition period. The
inclusion of an additional transitional period in the training macrocycle contributes to a more complete
recovery of the studied indicators. The use of restorative agents in the transitional period of the train-
ing process not only contributes to the optimization of several immune indicators of wrestlers, but also
significantly reduces the impact of the seasonal factor on those wrestlers. The biggest effect of recovery
measures happens in the spring, the optimization of the immune status of moderate severity took place
in the winter and summer periods of the year. It should be mentioned that in the transition period of the
training cycle of a significant reduction in intense physical and mental stress in wrestlers, the correction
of the immune status with the help of a complex of rehabilitation measures was effective, regardless of
the season with a maximum effect in the autumn.

Key words: immunity, physical loads, athletes, lymphocytes, wrestlers, cellular immunity.
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JKatTbipy npoueciHiH, TYpAi kKe3eHAepiHAeri
6ayblpAapAaFrbl MMMYHABIK, XKYyie napameTpAepiH 3epTrey

byA 3epTTeyAiH MakcaTbl >KaTTbIFyAaPAbIH 9PTYPAI Ke3eHAepiHAeri GaAyaHAAPAaFbl MMMYHADIK,
>KYMEHIH, napameTpAepiHe XaTTbIFy NMPOLECIHIH 8CepiH aHbiKTay OOAAbL. YKaTTbIFyAblH MaKPOLIMKAIHIH
AAbIHABIK, K8HE >KapbiC Ke3eHAepiHAe (U3MKaAbIK, GEACEHAIAIKTIH ocepiHeH cropTubiAapAa
CaAbICTbIPMaAbI TMMepCynpPecCcUsaAbIK BAPUAHTTbIH Ty3iAyiMeH WweTkepri kaHaa CD3 + -, CD4 + -, CD8 +
— AMMOUMTTEPAIH >KaAMbl MOALLEPI TOMEHAENTIHI aHbIKTAAAbl. MMMYH TarllbIAbIFbl XKaFAanbl. OTIN
6apa >xaTkaHAa. OTneAi keseHAe AMMOLIMTTEPAIH CYyBMONMyASLMSIAbIK, KYPaMbIHbIH, MapameTpAepiHiH,
TOAbIK, HOPMaAaHybl >O0K. OKbITY MaKpOLMKAIHE KOCbIMIIA ©TreAi Ke3eHAI eHridy 3epTTeAreH
KOpPCETKIWTEePAIH TOAbIK KaAMblHa KeAyiHe bIKMaA eTeAi. JKaTTbiFy MNpOUECiHiH, eTneAi KeseHiHAe
KAAMbIHA KEATIPETIH areHTTepAi KOAAaHy OaAyaHAApAbiH OipkaTap MMMYHABIK, KOPCETKIlTepiH
OHTaMAQHAbIPYFa bIKMaA €TiM KaHa KOMMalAbl, COHbIMEH KaTap OAapfa MayCbIMAbIK, (paKTOPAbIH
aCepiH anlTapAbIKTak TemeHAaeTeAl. KaAnbiHa KeATipy LWapaAapbiHbIH, €H YAKEH 9Cepi KOKTEMAE OpbIH
aAaAbl, KAABIMTbI aybIPAbIKTaFbl UMMYHABIK, YKaFAalAbl OHTAMAQHABIPY XKbIAABIH, KbICKbI XKOHE >Ka3fbl
Ke3eHAEPIHAE OpbIH aAAbl. AMTa KETy Kepek, >KaTTbIfy UMKAIHIH ©TrneAi keseHiHae GaAyaHAapAarbl
KAPKbIHABI (PM3MKAABIK >KOHE MCUXMKAAbIK, CTPECCTiH alTapAbIKTal TOMEHAEYI, KaAMblHA KeATipy
LIapaAapbl KEeLeHiHiH KOMEriMeH MMMYHABIK, KafAanAbl TY3eTy MayCbiMFa KapamacTaH TMIMAI GOAABI.
MakKCHMMaAAbI 8Cep Ky3Ae.

Tyiiin ce3aep: MMMYHMTET, (PM3MKaAbIK BEACEHAIAIK, CMoOpTWbIAAP, AMMAOLMTTEP, MaAyaHAAP,
>KaCyLLAAbIK, UMMYHUTET.
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M3yyeHne napameTpoB UMMYHHOI CUCTEMbBI Y 6OpPLLOB
Ha pa3AMYHbIX 3Tanax TPEHMPOBOYHOIO Mnpouecca

LleAblo HacTosILLEro MCCAEAOBAHMS SIBUAOCH BbISIBAEHWE BAMSHMS TPEHMPOBOYHOrO NpoLiecca Ha
napameTpbl UMMYHHOW CUCTEMbI Y GOPLIOB Ha PasAMUHbIX 3Tanax NMoOAroToBKWM. BbIAO ycTaHOBAEHO,
YTO B MOATOTOBMTEABHOM W COPEBHOBATEABHOM MEPMOAAX TPEHMPOBOYHOIO MAKPOLIMKAQ MOA
BAUSIHMEM (DU3NUECKMX HArpy30K Yy CMOPTCMEHOB B Nepnepruyeckon KpOBU CHUXKAETCS aBCOAIOTHOE
copepkaHne CD3+ -, CD4+ -, CD8+- AumdoumtoB c ¢HopMMpoBaHMEM OTHOCUTEABHOIO
runepcybpeccopHOro BapMaHTa MMMYHOAEMMUMTHOrO COCTOsIHMS. B nepexoAHOM rnepuoae He
NMPOMCXOAMUT TMOAHOM HOPMaAM3aLMu rokKasaTeAer Cy6ronyAsUMOHHOro cocTaBa AMMCOLMTOB.
BkAloueHre B TPEHMPOBOUHbIN MAKPOLIMKA AOMOABHUTEABHOTO MEPEXOAHOIO Nneproasa CrocobCcTByeT
6oAee MOAHOMY BOCCTAaHOBAEHMIO M3yUaemblx rnokasateaeil. MCnoAb3oBaHWe B MEPEXOAHOM MEpUOAE
TPEHUPOBOYHOIO MPOLIECCA BOCCTAHOBUTEAbHbIX CPEACTB CMIOCOOCTBYET HE TOABKO ONTMMM3ALIMKU PIAA
MMMYHHbIX MokasateAer 60opLoB, HO 1 CYLLECTBEHHO CHUXKAET BAMSIHME Ha HUX CE30HHOTrO (hakTopa.
Hanboabluon 3dekT BOCCTAHOBUTEAbHbIX MEPONPUSTUIA UMEET MECTO BECHOW, OMNTUMM3ALMs
MMMYHHOW CTaTyca CpeAHel CTeneHW BbIPaXXEHHOCTbM MMEAA MECTO B 3MMHEM U AETHEM NepuoAax
ropa. Hapo oTMeTUTb, UTO B MEPEXOAHOM MEPUOAE TPEHNMPOBOYHOIO LIMKAQ CYLLLECTBEHHOIO CHUXKEHWS
MHTEHCUBHbIX (PM3NUECKMX M MCUXMUYECKMX HArpy3ok y 60pLoB, KOPPeKLUMs MMMYHHOrO cTaTyca npwm
MOMOLLIN KOMMAEKCA BOCCTAHOBUTEAbHbIX MEPOMNPUSTHIA BbIAO 3(PPEKTUBHOMN, HE3ABUCUMO OT CE30Ha

roAa ¢ MakKCMMyMOoM 3 ekTa OCeHbIO.

KAtoueBble CAOBa: MMMYHUTET, (DU3MYECKME HArpysku, CIOPTCMEHbI, AMMQOUMTbI, GOPLibI,

KAETOYHbIN NMMMYHUTET.

Introduction

In modern life circumstances, million people
are engaged with physical culture and sport and
their number is growing day-by-day. Such exercises
essentially reduce morbidity, increase life expectancy
and the body’s resistance to various kinds of adverse
environmental factors. However, modern sport of
the highest achievements is sometimes associated
with loads on the limit of a person’s physiological
capabilities, and under these conditions, the
incorrect organization of the training process, its
insufficient individualization, the combination of
sports training with intense work and study, even in
the presence of compensated defects in health, can
lead to the emergence of pathological conditions.
To the opinion of some experts, the sickness rate of
highly qualified athletes has been growing in recent
years [1-6].

We are well informed regarding the important
role of immunity in maintaining the constancy of
the internal environment of the body, in maintaining
homeostasis and, at the same time, the role of
immunological mechanisms in the formation of
several diseases. Immunity enables protection for the
internal constancy of the body from microorganisms
and other outsider cells and micromolecules, from
a wide variety of genetically other substances.
Considering the significant role of the immune

system in maintaining homeostasis mechanisms, it
is relevant to study the immune status of athletes.
Within long and intense physical loads, they may
experience serious fluctuations in the parameters of
immunity from the phagocytic, T- and B-cell links
[4-6], which in certain cases leads to the development
of secondary immune-deficiency conditions that
limit physical performance [2]. Distractions in the
function of the nervous and immune systems are
one of the important factors in the imbalance of
neurohumoral regulation of homeostasis in general.
There is a relationship between motion activity
and the function of the immune system, which is
controlled by the endocrine system [2; 7].

Certain data was revealed regarding the cellular
and molecular mechanisms of the effect of physical
loads on the immune system [8-9]. VA. Kolupaev
(2009) describes the link between the immune status
of athletes with the nature of the energy supply of
muscle activity. Thus, when making a clarification
regarding the relationship between physical
activity and the function of the immune system, it
is necessary to consider not only the presence of
stress, but also the nature, that is, stress leads to an
increase (eustress) or depression (distress) of the
immune system. So, R.S. Suzdalnitsky et al. [9]
determined the main phases of the immune system
reaction, which consequently arise from activation,
compensation (stabilization), decompensation, and
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recovery stresses. A significant inhibition of most
of the studied humoral, secretory, and cellular
parameters of immunity is recorded in the phase
of decompensation, which indicates a failure of
adaptation, depletion of immunity reserves, called
“stress immunodeficiencies”, which are secondary
immunodeficiencies. It was found that the titers
of immunoglobulins and “normal antibodies” are
reduced to zero, that is, there is a functional paralysis
of the immune system. This circumstance has been
called “the phenomenon of disappearing antibodies
and immunoglobulins”.

Currently, it is generally recognized that actual
immunological reactions, the state of the T- and
B-immunity systems own particular importance in
against infectious protection [3; 8; 10-11].

The establishment of the research of the T-
and B-systems of immunity is one of the unique
accomplishments of contemporary immunology.
The immune system is one of the same systems as the
neurological, circulatory, excretory, etc. systems, as
was previously explained. It is made up of peripheral
and central lymphoid organs and tissues, which
communicate with one another through lymph and
blood. The lymphocyte, the main “figure” of the
immune system, is a mobile genetic information
carrier whose cytoplasm is organized to allow for
unrestricted mobility throughout tissues and the
ability to sense environmental stimuli through
unique molecular structures called receptors. There
are approximately 10" such lymphocytes that
enter to a wide variety of tissues by penetrating
the capillary wall, migrating between endothelial
cells. Lymphocytes constantly circulate through the
lymphoid organs from the blood to the lymph, such
recirculation is their most important property, since
it is the recirculating lymphocytes that encounter
microorganisms and other foreign cells and particles
[12-14].

The condition of the T-system determines
the body’s capacity for adaptation. Deficits in
the T-system are the cause of several illnesses.
A component of the immunological monitoring
system is the measurement of T-lymphocyte counts
and subpopulations’ functional activity.

B-lymphocytes are the precursors of antibody-
producing cells. All immunoglobulin molecules
that are synthesized by one antibody-producing cell
belong to the same class. When the antigen reacts
with B-lymphocytes bearing specific receptors, with
the participation of microphages and T-lymphocytes,
a clone of cells arises due to proliferation and
differentiation (clonal selection theory of antibody
formation). It is worth to mention that immunoblots
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and large lymphocytes also contribute to the
formation of antibodies [4; 12].

As we have already talked regarding this issue,
the main functions of the immune system are
resistance to infection, removal of old damaged,
genetically foreign cells, and prevention of tumor
growth. Immunological reactivity is one of the most
important mechanisms to ensure homeostasis, both
structural and functional unity of the body. Not
only the T-immunity system, but also the B-system
and humoral immune play a very essential role to
ensure relevant immunity to infection and cancerous
neoplasms [6; 9].

The differentiation of B-cells takes place directly
in the bone marrow, where B-cell precursors mature
into pre-B-cells, which are able to synthesize
IgM but lack the appropriate receptors on the cell
membrane. The emergence of such receptors marks
the formation of bone marrow B-lymphocytes in
peripheral blood, lymphoid organs, and tissues. In
addition to receptors related to immunoglobulins
M, G, A, mature B-lymphocytes carry IgD on their
surface. B-lymphocytes differentiate into plasma
cells, like a factory of immunoglobulin antibodies
that provide their synthesis. According to some
investigators, B-lymphocytes are divided into
subpopulations (subpopulation of B-suppressors)
like T-lymphocytes [5; 7-8; 14-15].

Correspondingly, the humoral immune system
is represented by B lymphocytes and plasma
cells. Upon exposure to antigen, the secretion of
specific immunoglobulin antibodies increases. The
5 types (types) of immunoglobulins that have been
identified — M, G, A, E, D — have not only structural
characteristics but also different clinical significance,
which sports physicians should know. As we said,
IgA plays a certain role in the local immune state.
IgG makes up the majority of immunoglobulins in
the blood (about 70 to 75%), with a length less than
1% that of IgD, while IgM makes up about 10%.
The production of antibodies to the tissues of real
organism — antibody outage is an important index
of the function of the B-system of immunity. The
disturbance of the state of immunological tolerance,
the function of T-lymphocytes-suppressors,
associated with increased activity of T-lymphocytes-
helpers facilitate the formation of antibodies,
therefore, it is appropriate to consider materials on
the presence of the role of out antibodies in athletes
[2; 16].

The regular growth of sports achievements
requires the implementation of training loads of
increasing volume and intensity, which makes it
more difficult to individualize the training process.
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This may become excessive and contribute to the
emergence of various diseases while achieving
maximum sports results.

Due to the important role of the immune system
in maintaining homeostasis, studying the immune
status of athletes is essential. Under prolonged and
intense physical loads, they may be exposed to
severe fluctuations in the immunological parameters
of the phagocytic connection of T and B cells,
leading in some cases to development of a secondary
immunodeficiency state that limits physical activity.
As we have already mentioned, moderate loads
contribute to the stimulation and normalization of
the immune response and reduce the incidence of
diseases, while large loads and an unreasonable
build-up of training can be disruptive. immune
disorders and increased disease incidence. Increasing
expertise, level, and duration of training cycles — all
these factors influence immune performance.

Therefore, the study of dynamics, changes in the
athlete’s immune state depending on the duration
and intensity of exertion and the development of the
classification of stages or “phases” of the condition
athlete’s stress, immunocompromised state. When
studying the causes of immunodeficiency related to
sports stress, much attention is paid to the study of
metabolic processes.

High levels of metabolism in the context of
physical exertion lead to stress on the immune
system during the removal of large amounts
of breakdown products resulting from redox
reactions. The intensification of metabolism in the
most immunocompetent cells themselves leads
to disruption of the formation and accelerated
disintegration of directly immune structures, which
contributes to dysregulation of the immune system
[2-3]. At the same time, it should be remembered
that there are certain genetic determinants that detect
the individual threshold level of physical loads for
the body of an athlete; the excess of this threshold
leads to metabolic and immune disruptions. Another
way to say it is that “sports activity serves as the
background against which immunity failure is
revealed, which is largely associated with a genetic
or acquired decrease in stress resistance” [2].

The objective of the study. To investigate
the specific features of immune system changes in
wrestlers during various periods of training process.

Materials and methods
We examined 40 wrestlers aged 18-22 over

three years. For studying the effect of anaerobic and
aerobic physical activity on the body of wrestlers, we

selected athletes who use exercises of the appropriate
direction in their training. The interpretation of the
indicators was carried out considering the seasonal
conditions of natural light [10-13; 15-16]. In the
annual cycle, depending on the nature of changes in
the length of the day, 4 qualitatively unique periods
of different duration were distinguished. The first
period (December-January) with the minimum
length of the day is characterized by small values of
their daily changes. The second period (February-
March) is characterized by a progressive increase
in the photoperiod. The third period (April-June)
is characterized by an increase in the length of
the day. The fourth period (October-November) is
characterized by a decrease in the length of the day.
The conducted studies covered 4 seasons, excluding
the period from July to September, which was due
to the training of athletes outside the city (the city of
Gusar, the Olympic base of “Shahdag”.

During the experiment, the leukocyte blood
formula, and characteristics of the functional state
of leukocyte subpopulations (phagocytic activity,
activity of neutrophils and monocytes, the level of T-
and B-lymphocytes) were determined in wrestlers.
The methodology for studying the functional state of
blood leukocytes is described in detail in the works
of L.Ya. Ebert et al. (1993) and V.V. Rybakov et al.
(1995).

To carry out the tasks set in the study, we used
hematological methods, in order to determine the
content of lymphocytes in peripheral blood, and
their quantitative and qualitative characteristics. For
proper arrangement of the study, the athletes were
also divided into 4 periods in training macrocycle:
first, pre-competition (preparatory) period, duration
— 3 months, with the frequency of training 3 times
a week for 2 hours each; second — competitive
period, 2-3 days, with the number of sparring 2-6
for the entire duration of the competition; third —
transitional period, transitional, lasting 10 days with
light training 2 times a week; fourth — additional
transitional period, with light training 2 times a
week. 8 practically healthy, but not trained men of
18-22 age constituted the control group. The study
was carried out while complying with all provisions
of bioethics. Blood sampling for the study was
carried out at the beginning and at the end of each
period (in the first hour after exercise). Lymphocytes
were isolated on a ficoll-verogaphine density
gradient according to a modified Boyum method
[17-18; 19-21]. Determination of the number of
total T-lymphocytes, T-helpers (inducers, cytotoxic
T-suppressors, natural killers and B-lymphocytes)
was carried out by the method of indirect immune
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fluorescence  using  monoclinal  antibodies,
respectively CD3, CD4, CDS, produced by the
research and production center “Medbio-spectrum”
(Moscow, RF) Determination of interleukins (IL-
2, IL-10), gamma interferon (IFN) was carried
out in lymphocyte supernatants using commercial
ELISA kits (Medgenix Diagnostics, Belgium).
Tumor necrosis factor (TNF) activity in lymphocyte
supernatants was determined by a modified Ruff b
Gilford method. The cytotoxicity index (CI) was
calculated by the formula:

(Dpra.:'r_ Deontror)-100

IC=

max

where D . — optical density at the maximum
lysis of human erythrocytes at a concentration of 4
million/ml.

The derived digital material was processed
by generally accepted methods of mathematical
statistics, using the dispersion method and

correlation analysis.
Results and discussion

The content and quantity of the main
subpopulations of peripheral blood leukocytes in
wrestlers in different periods of the annual cycle are
provided in Table 1.

Table 1 — Influence of training sessions on the number and content of peripheral blood leukocytes in wrestlers (M+m, n=40)

) Study periods
Indicators
I I v p

Quantity, Leukocytes, x10%/1 5,95+0,22 5,02+0,14 4,49+0,16 6,10+0,40 <0,001
Content, NF, % 44,2542,11 42,37+1,46 39,84+1,71 45,46+2,8 <0,01
Quantity, NF, x10%/1 2,63+0,16 2,11+0,10 1,91+0,11 2,90+0,20 <0,001
Content, MN, % 6,07+0,50 5,73+0,44 6,84+0,58 6,70+0,50 <0,05
Quantity, MN, x10%/1 0,36+0,05 0,28+0,025 0,32+0,03 0,43+0,4 <0,05
Content, LF, % 45,66+2,67 48,67+1,54 48,94+1,65 44,70+2,9 <0,01
Quantity, LF, x10%/1 2,72+0,23 2,35+0,90 2,314+0,90 2,92+0,28 <0,05
Note: p — reliability of differences between groups in the corresponding period

As it is seen from Table 1, the general variation
trend in the number of neutrophils in wrestlers was
to reduce the level of circulating cells in the spring-
summer period and increase the number in the
autumn-winter period. Against this background, the
observed differences in the dynamics of the level of
neutrophils in wrestlers could be associated with the
different nature of the neuroendocrine regulation of
the functional state of athletes due to the different
dynamics of the intensity of their sports training.
At the same time, more pronounced changes in the
average level of neutrophils in wrestlers could be
associated with the phenomenon of cross-adaptation
of thermoregulation mechanisms during regular
physical exertion, reflecting a higher level of their
resistance in athletes whose physical activity is
carried out in a natural environment. The absence of
differences in the dynamics of the level of monocytes
in wrestlers suggests that the main reason for the
observed changes was the known hormonal changes
in the body, initiated by seasonal fluctuations in
environmental conditions [21-22; 25].
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Reciprocal variations in the level of lymphocytes
in the wrestlers in the 3rd and 4th periods were
probably due to the influence of the mechanisms
of neuroendocrine regulation of the functional state
of the body during the use of anaerobic and aerobic
physical loads. Consequently, it can be assumed
that the nature of physical activity can have a
modifying effect on the seasonal rhythm of the
level of lymphocytes. The dynamics of indicators of
the functional state of blood leukocytes in athletes
in different periods of the year are presented in
Table 2.

As it is obvious from the table, during the first
half of the year, the dynamics and the level of the
absolute index of neutrophil phagocytosis (AINP)
in wrestlers were significantly high (p<0.01).
During the studies conducted in the second half of
the year, the differences between the periods were
not significant. It can be assumed that, during the
period of increasing day length, the mechanisms of
neuroendocrine regulation of the functional state of
the body in the modes of anaerobic and aerobic loads
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had a modifying effect on the level of phagocytic
activity of neutrophils.

The main difference between the dynamics of
the absolute indicator of monocyte phagocytosis
(AILNA) in athletes is the shift of the extremes of
this indicator in the annual cycle. In wrestlers, a
maximum was observed during the period of a re-
gressive decrease in the length of the day and a peri-
od of its minimum values (4th and 1st, respectively)
a minimum with a regressive increase in the length
of the day (4th period) [20-22; 24].

The specifics of the neuroendocrine regulation
of the functional state when using physical activity
of anaerobic and aerobic orientation had a signifi-
cant impact on the nature of changes in the abso-

lute index of lysosomal neutrophil activity (AILNA)
during the most intensive increase in day length (1-3
period). During the period of day length decrease,
the nature of motor activity, as well as in relation to
the absorption function of neutrophils, did not sig-
nificantly affect the seasonal dynamics of the lyso-
somal activity of these cells. The dynamics of the
absolute index of lysosomal activity of myocytes
(AILNA) did not depend on the specifics of the mo-
tor activity of athletes and was characterized by a
significant decrease in the level in the spring-sum-
mer period and its increase in the autumn-winter pe-
riod. At the same time, in the spring period, the level
of this indicator among wrestlers was significantly
lower (p<0.001).

Table 2 — Dynamics of changes in indicators of the cellular link of immunity (g/1) in wrestlers at various stages of the training process

(M£m)
Indicator Control group Beginning of the period End of the period
Preparatory period
Leukocytes, 10°/1 6,30+0,04 6,70+0,80 6,90+0,30%*
Lymphocytes,10°/1 1,55+0,07 1,68+0,08 1,60+0,70
Monocytes, 10°/1 0,32+0,08 0,20+0,10 0,18+0,20%*
Neutrophils,10°/1 2,9040,02 3,240,25 4,05+0,20%
CD3, 10°/1 0,85+0,07 0,90-£0,04%*%* 1,184,03%%%
CD4, 10°/1 0,56+0,04 0,64+0,03**%* 0,73+£0,02%***
CDS, 10°/1 0,4240,02 23,0+0,8% 0,35+0,01%%*
Competition period
Leukocytes, 10°/1 5,6540,30 5,60+0,0% 5,20+0,25
Lymphocytes,10°/1 1,75+0,04 1,70+0,03* 1,60+003
Monocytes, 10°/1 0,075+0,05 0,04+0,05* 0,09+0,05
Neutrophils, 10°/1 4,80+0,20 3,60+0,3* 4,90+0,20
CD3,10°/1 0,53+0,07 0,88+0,03*** 0,9540,03%**
CD4, 10°/1 0,46+0,04 0,53+0,02%** 0,7540,20%**
CDg, 10°/1 0,43+0,02 0,25+0,01** 0,32:+£0,01***
Transitional period
Leukocytes, 10°/1 6,0+0,30 5,62+0,30 5,90+0,30
Lymphocytes,10°/1 1,35+0,007 1,20+0,06 1,40+0,05
Monocytes, 10°/1 0,18+0,08 0,15+0,07 0,16+0,07
Neutrophils,10°/1 3,30+0,20 3,20+0,20 3,0+0,03
CD3, 10°/1 0,63+0,07 0,72+0,03%** 0,88+0,03 %%
CD4, 10°/1 0,60+0,04 0,5540,02**%* 0,70+0,018***
CDS, 10°/1 0,45+0,02 0,38+0,01%* 0,5240,01%%*
Note: * — p<0,05; ** — p<0,01; *** — p<0,001
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Changes in the number of HCT (Hematocrit)-
positive neutrophils in wrestlers, the average level
of this indicator increased in the autumn-winter
period and decreased in the spring-summer period.
In wrestlers, the number of HCT-active monocytes
significantly changed only during the period of the
minimum day length.

The specific characteristics of the change in the
level of T-lymphocytes was a significant decrease in
this indicator in wrestlers during the period of a sta-
ble decrease in the length of the day (4th period). At
the same time, in wrestlers, a decrease in the number
of T-lymphocytes was due to a decrease in the level
of circulating lymphocytes. Significant fluctuations
in the level of B-lymphocytes in wrestlers were re-
corded during the period of shortening of the day.
During the period of increasing day length, the level
of these cells remained stable.

The carried-out correlation analysis enabled to
identify direct links between the amount of physical
activity used and indicators of the functional state of
blood phagocytosis in athletes. Simultaneously, an
inverse relationship was observed between the level
of the latter and the parameters of daily illumination.
The presence of reciprocal influences from physi-
cal activity and seasonal environmental conditions
on the state of blood leukocytes, in our opinion, is
essential for the rational organization of the train-
ing process of anaerobic and aerobic orientation in
various sports.

The analysis of the obtained results of the sub-
population composition of peripheral blood lympho-
cytes of wrestlers in the preliminary and preparatory
periods is provided in Table 2.

It was determined that at the beginning of the
preparatory period, the absolute content of CD3+
lymphocytes were 1.45 times lower than in the con-
trol group (p<0.001). Analysis of the subpopulation
composition of T-lymphocytes made it possible to
highlight the presence of an imbalance in the system
of CD4+ — and CD8+ — cells, which corresponded to
the relative hypersuppressive variant of secondary
immunodeficiency. At the beginning of the prepara-
tory period of the training process, there is a decrease
in the number of CD3+ — B-cell lymphocytes and an
increase in imbalance in the CD4/CD8 system.

The study of the population composition of lym-
phocytes of the peripheral composition of wrestlers
in the competitive period is presented in Table 2.
Indicators of CD3+ -, CD4+ -, CD8+ — lymphocytes
at the beginning of the competitive period did not
deviate significantly from those at the end of the
preparatory period. Re-examination of the immune
status at the end of the competitive period allowed
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us to note that physical activity had a negative effect
on the population composition of peripheral blood
lymphocytes.

Table 2 provides the results of the study of the
population composition of blood lymphocytes of
athletes in the transition period. At the beginning of
the transition period, the number of CD3+ — lym-
phocytes increased by 1.35 times compared to the
figure at the end of the competitive period (p<0.05),
however, remained lower than the figure in in the
control group by 2.0 times (p<0.001), which indi-
cated the persistence of T-lymphopenia. The rela-
tive content of these cells at the beginning of the
transition period fluctuated within the limits of the
values of the control group. At the end of the transi-
tion period, the absolute content of CD3+ — lympho-
cytes was 1.25 times higher than their initial level at
the beginning of the period (p <0.05) and 1.65 times
lower than in the control group (p <0.001), which
also indicated on the preservation of T-lymphopenia
(table 2).

At the end of the macrocycle, all athletes were
granted with an additional transitional period of 10
days, at the end of which their immune status was
studied (Table 4). It was established that the pro-
longation of the transition period had a positive ef-
fect on the population composition of the peripheral
blood lymphocytes of wrestlers. This was expressed
in higher absolute numbers of T-, B-lymphocytes
and natural killers and in a less pronounced imbal-
ance of the main immunoregulatory subpopulations
of T-lymphocytes. The registered absolute numbers
of'the studied populations of lymphocytes in athletes
were significantly higher than those at the beginning
of the preparatory period (for CD3+ and CD4+ cells
— 1.20 times, for CD8+ — lymphocytes), and higher
than those at the end of the transition period (for
CD3+ — lymphocytes in 1.30 times, for CD4+ cells
1.40 times, for CD8+ lymphocytes 1.20 times). The
CD4/CD8 immunoregulation index at the end of the
additional transition period was almost the same as
at the beginning of the preparatory period and was
1.2 times higher than at the end of the transition pe-
riod (p<0.01). At the same time, an increase in the
duration of the transition period did not lead to a
complete normalization of all indicators of the pop-
ulation composition of athletes’ blood lymphocytes,
the changes of which occurred under the influence
of physical activity during the preparatory and com-
petitive periods of the training macrocycle [23-25].

Results of the study of the secretory and cyto-
toxic activity of peripheral blood lymphocytes of
wrestlers during the training macrocycle are pre-
sented in Tables 3 and 4.
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It has been established that under the influence
of physical activity, the functional activity of pe-
ripheral blood lymphocytes of athletes decreases,
which is expressed in a decrease in the spontaneous

secretion of IL(Interleukin)-2, IL(Interleukin)-6,
IL-10, TNF (Tumor necrosis factor)-o, TNF (Tu-
mor necrosis factor)-p and gamma (y)-IFN (Inter-
feron).

Table 3 — Effect of training sessions on cytotoxic and secretory activity of peripheral blood lymphocytes of wrestlers in precompetitive

and competitive periods (M+m)

Study groups Periods

Control group . .
Indicator Pre-competition Competition
IL-2, ng/ml 10,80+0,5 8,50+0,30%* 4,85+0,15%**
IL-6, ng/ml 1,95+0,4 1,46+0,06%** 0,85+0,04%**
IL-10, ng/ml 1,65+0,05 1,37+0,06* 0,55+0,03%**
TNF-a, ng/ml 3,90+0,15 3,35+0,12%* 1,76+0,07%**
gamma (y)-IFN, ng/ml 3,37+0,14 2,92+0,10%* 1,50+0,06***
TNF-B, ng/ml 7,97+0,8 6,95+0,25* 3,5040,15%**
UL, % 35,8+1,6 29,941,07** 21,1+0,67%**

Note: * — p<0,05; ** — p<0,01; *** — p<0,001

Table 4 — Secretory and cytotoxic activity of peripheral blood lymphocytes of wrestlers in the transition and additional transition

periods (M+m)
Study groups End of the period
Control group . . .
Indicator Transitional Additional transitional
IL-2, ng/ml 10,80+0,5 7,4540,25%** 10,15+0,35
IL-6, ng/ml 1,95+0,1 1,75+0,07* 1,88+0,08
IL-10, ng/ml 1,65+0,05 1,32+0,05%** 1,60+0,06
TNF-0, ng/ml 3,80+0,15 3,1540,12%%* 3,78+0,15
gamma (y)-IFN, ng/ml 3,37+0,12 2,50+0,08*** 3,25+0,12
TNF-p, ng/ml 7,97+0,4 6,15:£0,23 %% 7,95+0,28
UL, % 35,80+1,6 27,8+1,0%** 33,9+1,14
Note: * — p<0,05; ** — p<0,01; *** — p<0,001

Variations in the secretory and cytotoxic activity
of lymphocytes depend on the intensity of physical
activity: they are moderate in the preparatory pe-
riod, the largest in the competitive period, and start
declining in the transitional period of the training
macrocycle. The inclusion of an additional transi-
tional period in the training process contributes to
the complete normalization of the functional activ-
ity of lymphocytes.

The indicators of the immune system can go
beyond the physiological boundaries and be patho-
logical under the influence of highly physical and
psycho-emotional stress, causing an increase in

morbidity and a decrease in sports performance.
For the rime being it is known that the suppression
of individual manifestations of immune defense
often does not affect the final resistance of the or-
ganism. When reviewing immune disorders in ath-
letes, it is often necessary to consider the role of
the processes of fatigue, overwork, overstrain and
overtraining. The data obtained are of great practi-
cal importance and are consistent with the study
of other researchers, who also revealed significant
immune changes in both wrestling athletes and
athletes involved in middle-distance running and
other sports [24-26].
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Conclusion

Thus, it was determined that in the preparatory
and competitive periods of the training macrocycle
under the influence of physical activity in athletes
involved in freestyle wrestling, the absolute con-
tent of CD3+ -, CD4+ -, CD8+ — lymphocytes in
the peripheral blood decreases with the formation
of a relative hypersuppressive variant of the im-
mune-deficient state. Immune disruptions are as-
sessed as moderate in the preparatory period and as
the greatest in the competition. In the transitional
period, there is no complete normalization of the
indicators of the subpopulation composition of
lymphocytes. The inclusion of an additional tran-
sitional period in the training macrocycle contrib-
utes to a more complete recovery of the studied
indicators. Under the influence of physical activ-
ity, the functional activity of peripheral blood lym-
phocytes of athletes decreases, which is expressed
by a decrease in the spontaneous secretion of IL-2,
IL-6, IL-10, TNF-0, TNF- and gamma (y)-IFN,
as well as a decrease in cytotoxic activity CD16+
— cells. Variations in the secretory and cytotoxic
activity of lymphocytes depend on the intensity of
physical activity: they are moderate in the prepara-
tory period, the largest in the competitive period,
and tend to be declining in the transitional period
of the training macrocycle. The inclusion of an ad-

ditional transitional period in the training macro-
cycle contributes to the complete normalization of
the functional activity of lymphocytes. A thorough
immunological examination of the activity of the
lymphocyte population of warriors helps to assess
the individual’s physical activity threshold, the ex-
cess of which leads to metabolic and immune dis-
orders. The use of recovery agents in the transition
period of training not only contributes to the opti-
mization of some immune indicators of wrestlers,
but also significantly reduces the influence of sea-
sonal factors on them. The greatest effect of restor-
ative measures occurs in the spring, optimization
of the immune condition of moderate severity oc-
curs in the winter and summer of the year. It should
also be emphasized that during the transition phase
of the training cycle, the intensity of physical and
mental stress in wrestlers is significantly reduced,
the regulation of the immune state using a variety
of measures recovery worked, no matter the situ-
ation. Maximum effectiveness is in the fall. Data
collected, processed and extracted during the study
will be used to incorporate training sessions into
the training process to minimize loss of training
time due to reduced wrestler rates. In addition, the
results obtained will be useful for the development
of non-pharmacological methods to correct cellu-
lar immune disorders in athletes participating in
spring and winter wrestling.
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