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The article is presented the results of the study the age-related features of nonspecific immunological
resistance, which is formed in swimmers in response to metabolic fatigue factors during swimming physical
load. The studies were carried out on swimmers aged 9-10, 11-13, 14-16 years old using hematological,
biochemical, pulsometric and statistical methods. The results showed that with an equal total pulse value of
swimming physical loads among swimmers 9—-10, 11-13 and 14-16 years old, the differences in lactic acid
production after training sessions and responses of a non-specific link of the blood immune system were
determined. A similar intensity of swimming loads among 11-16 years old swimmers contributed to an
increase in general immunological resistance and the formation of nonspecific adaptive reactions at the level
of increased activation.

Keywords: young swimmers, immunological resistance, the age-related features, blood immune systems,
swimming physical load, lactic acid.

INTRODUCTION

Increasing the level of adaptation and general body resistance to environmental stress
factors has the paramount importance today due to the persisting conditions of a high
degree of spread of viral infections [1, 2]. Under the circumstances, high health risks have
people with prerequisites for a decrease in the overall body resistance — people of critical
age periods, as well as people whose living conditions are associated with a pronounced
impact of additional external factors on the body [3, 4]. Also, according to some authors,
the incidence of viral infections in children, adolescents and young adults is increasing,
which on the one hand does not reduce the relevance of the problem of increasing the
resistance of the body of children, and on the other hand requires the identification of
effective preventive measures [1, 2].

It is known that physical education and sports help to strengthen the immune system
and in particular its non-specific link. However, physical activity, with its inadequate
dosage capabilities of the child's body, can have the opposite effect, therefore create
prerequisites for fatigue, against which the functions of the main systems, including the
immune system, will decrease. Moreover, it is convincingly shown that the incidence of
acute respiratory viral infections (ARVI) among athletes in childhood, adolescence and
youthful age is practically the same with peers who do not go in for sports. Many experts
associate this fact with the effect of fatigue, due to the use of excessive physical load on
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the children’s body, which is typical for different sports Therefore, the largest number of
publications on the morbidity of child athletes is devoted to swimmers. It is shown that it
is sports swimming that "leads" among many sports in the risk of developing SARS and
bronchial asthma, which is associated with the specific features of the training
environment in the water. At the same time, a high degree of health risk is associated to a
greater extent with the temperature factor of water, and also does not reduce the role of the
negative impact of the chemical factor (the chemical composition of water) on the body.
Also, a large number of scientific works are devoted to the health-improving effect of
sports swimming, which is expressed first of all in the effect of hardening the body and
increasing its general resistance. However, the main contradiction between the established
positive and negative effects of swimming on the children’s body still hidden in the
dosage of physical load, which is often tedious for young swimmers and therefore require
objective control at the stages of sports improvement [5]. It is known that the main
adaptation mechanism is the process of maintaining the stability of homeostasis, in the
implementation and regulation of which, a significant role is assigned to the immune
system of the blood, and in particular, its non-specific component [6, 7]. Also, during
adapting to physical load, maintaining a certain level of homeostasis occurs against the
background of increasing metabolic factors of fatigue and energy needs, which in turn
significantly disrupts the stability of homeostasis and requires an adequate compensatory
and adaptive response from the immune system [6-9]. In this case, the process of
adaptation of swimmers of different age groups to swimming physical load can be used to
track the severity of compensatory and adaptive reactions and the characteristics of the
response of the nonspecific component of the blood immune system to metabolic fatigue
factors that arising in the aquatic environment, which is often recommended for children
to promote health [9]. In turn, the information obtained during tracking can be used to
control the general resistance of the body of children, adolescents and young men by
dosing swimming loads that cause a certain degree of metabolic fatigue [6, 7].

Thereby, the aim of our work was to study the age-related features of non-specific
adaptive reactions of the blood immune system in the body of swimmers in the conditions
of adaptation to swimming physical load.

MATERIALS AND METHODS

The study involved 75 male swimmers at the age of 9 to 16 years who gave voluntary
informed consent. The test swimmers were divided into three age groups (9-10, 11-13,
14-16 years). The external and internal characteristics of swimming physical activity in
the preparatory period within two and a half months were assessed by: the volume of
swimming (km); the total intensity of the training session, which was determined
palpationally by the heart rate (HR) using the method of pedagogical pulsometry; duration
(in minutes) of the training session. Hematological studies included the determination of
the leukocyte formula and erythrocyte sedimentation rate (ESR) [8, 9]. Adaptive
responses were assessed by the ratio of leukocytes in the leukogram (eosinophils,
monocytes, lymphocytes, neutrophils of rod and segmentonuclear cells), which was
determined by counting leukocytes in an automatic counter. The concentration of lactic
acid in the peripheral blood was determined by the biochemical method by reaction with
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paraoxydiphenyl using a biochemical analyzer. Blood samples from the finger were taken
immediately after training sessions [8, 9]. All the studied indicators were studied weekly.
For statistical processing of the data of the study results was used a standard statistical
analysis in which, first of all, the normal distribution was checked, then the mean values,
the mean errors and the significance of the differences were determined, which was
calculated by the Student's t-test at p < 0.05. In turn, a correlation analysis to determine
the relationship between the studied indicators was used with the help of which the
Pearson correlation coefficient was calculated.

RESULTS AND DISCUSSION

It is known that the ratio of different forms of leukocytes in the leukogram determines
the level of general resistance of the body. The informative value of the assessing changes
in the leukogram parameters is also determined by the presence of a significant correlation
between the functional state of cells and the level of tissue metabolism, and also specific
correlative interactions of blood cells with somatic cells, in particular, with myocytes and
cardiomyocytes Moreover, in the process of adaptation to physical loads of considerable
intensity, which takes place in sports, a concomitant factor is psychoemotional stress The
effect of stress on the body is revealed in a change in the quantitative composition of the
blood leukocyte formula, accompanied by a strain on the mechanisms of homeostatic
regulation. In particular, this is expressed in distinct shifts in leukocyte. Some leukocytes
are destroyed, the number of eosinophils is sharply reduced, and the number of granular
leukocytes in the general blood flow increases. At the same time, adaptive shifts in
leukocytes are evaluated in terms of stimulating nonspecific immunological resistance.

The conducted studies showed that the compensatory and adaptive responses of the
non-specific component of the blood immune system to physical load among swimmers of
different ages differed both in the degree of severity and in the effectiveness of the
immune response. Moreover, the effectiveness of this response depended on the strength
of the external influence. Thus, physical load among swimmers of the three age groups
was carried out with a total intensity, at which the heart rate on average did not
significantly differ in the weeks of the study period and was in the range from
165.7 £2.39 to 166.5 + 3.17 beats/min (p > 0.05). In turn, the duration and volume of the
swimming had significant reliable static differences. In swimmers 9-10 years old, the
average duration of water training was 55.2 £ 5.15 minutes, and the swimming volume
reached 1.5 km. In 11-13-year-old swimmers, these values were equal to 80.5 £ 9.43 min
and 2.6 km (p <0.001) and in 14-16-year-old swimmers were 120.7 £4.23 min and
5.2km (p <0.001). Wherein, among swimmers 9-10 years old, there were prerequisites
for a decrease in overall resistance and the development of transient immune
insufficiency, which was manifested by eosinophilia occurring against the background of
a quiet activation reaction (Table 1) [5]. This was confirmed by the presence of frequent
colds and allergic diseases. Moreover, in our opinion, one of the concomitant factors in
the development of such a partial immune deficiency state was hypothermia, and the
other-high intensity physical load, leading to the accumulation in the blood of a large
amount of the intermediate metabolic product — lactic acid in the range of 8.4 £ 0.15 —
8.8 £ 0.12 mmol/l, (p < 0.05), as a result of which there were significant shifts in the acid-
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base balance towards the acidic side. This served as a trigger for the activation of a
number of enzymes, including proteases, which can destroy the structure of
immunoglobulin molecules and reduce their level [5].

The confirmation of enhanced elimination of immunoglobulins from the blood serum
was the increased ESR, which among swimmers 9-10 years old was 6.68 + 0.99 mm/h,
and among swimmers 11-16 years old did not exceed 3.83 + 1.08 mm/h, (p < 0.05). For
swimmers 11-16 years old, the formation of harmonious reactions of increased activation
was characteristic, in which the concentration of lactic acid varied after training sessions
in the range of 6.18 £0.13 — 7.27 £ 0.57 mmol/l, (p < 0.05). That is, an increase in the
concentration of lactic acid above 8 mmol/l after swimming training conducted with a
heart rate intensity of more than 165 beats / min among swimmers 9-10 years old led to a
decrease in the overall resistance of the body.

Table 1
Peripheral blood parameters in swimmers of different ages
9-10 years, | 11-13 years, | 14-16 years,

Parameters =25 =25 n=25 P, Pi; Pys
X}(l)l‘/’t/i) blood cells | 5 30,057 | 6.1720.31 7.93+1.12 P<0.05 | P>0.01 | P>0.01
eosinophils (%) 6.75+0.98 2.56+0.73 2.33+0.42 P<0.01 | P<0.01 | P>0.01
neutrophils.

4.50+1.60 3.78+0.55 4.67£0.88 P>0.01 | P>0.01 | P>0.01
stick. core. (%)
netrof.

48.63£2.82 | 50.89+2.51 51.33x£1.96 P>0.01 | P>0.01 | P>0.01
segment. core. (%)
Lymphocytes (%) 34.50+£2.71 37.22+3.03 37.50£1.52 P>0.01 | P>0.05 | P>0.01
monocytes (%) 5.88+0.93 5.78+1.00 4.17+0.060 P>0.01 | P>0.05 | P>0.01
ESR (mm/h) 6.88+0.99 4.78+0.98 3.83+1.08 P>0.01 | P<0.05 | P>0.01
hemoglobin (g/1) 128.78+3.32 | 137.37£1.95 137.00£2.27 | P<0.01 | P<0.05 | P>0.01
hematocrit (%) 40.75+0.96 | 40.33+0.69 43.00+0.02 P>0.01 | P>0.05 | P<0.05

When determining the adequacy of the response of a non-specific link of the
swimmers immune system to external influences, we took into account not only the
quantitative characteristics of the main components of the blood immune system, but also
the nature of the relationships between these components, which together determined the
effectiveness of the compensatory-adaptive immune response [8, 9]. The nature and
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severity of the relationships were determined using a correlation analysis between the
indicators of white blood. The results of the correlation analysis are presented in Table 2.

We have shown the presence of a strong correlation between leukocytes and
neutrophils (range r =0.71-0.51), lymphocytes and neutrophils (range r = -0.79-0.68),
Iymphocytes and monocytes (range r =-0.85 — -0.45) among all athletes, which, especially
for novice swimmers, was a favorable factor that does not allow the transition of the
prerequisites of immune insufficiency in the transient type to immune insufficiency with a
pathological symptom complex [9].

Table 2
Correlations links between peripheral blood parameters
in swimmers of different ages

Correlation pairs 9-10 years | 15-16 years
White blood cells-lymphocytes +0.38 -0.32

White blood cells-neutrophils rod-shaped | +0.71%* +0.51%
White blood cells-segmented neutrophils | -0.28 +0.22
White blood cells-eosinophils -0.98 ** +0.01
Lymphocytes-monocytes -0.85** -0.45*
Lymphocytes-neutrophils -0.79%* -0.68**
Neutrophils-eosinophils +0.35 -0.31
Hemoglobin-white blood cells -0.56%* -0.28

Note: * — correlation significant on the 0.05 level,
*#* — correlation significant on the 0.01 level;

So, it can be concluded that in young swimmers of 9-10 years old, when performing
swimming loads, a more pronounced acidotic state of the blood was recorded due to a
significant accumulation of lactic acid in the blood compared to adolescent and youth
swimmers. Obviously, the development of metabolic acidosis is a provoking factor in the
formation of immunodeficiency states, especially in the inferiority phase of nonspecific
adaptive reactions. It is known that the enhanced elimination of immunoglobulins from
the blood serum is accompanied by their fixation with numerous receptors of blood cells,
including erythrocytes [10]. This leads to a change in the electric charge of the last and
promotes bonding and faster settling. We showed that the ESR index in swimmers
9-10 years old was significantly higher compared to older age groups (p < 0.05). Also
noteworthy is a significant decrease in lactic acid and the number of eosinophils in the
peripheral blood of adolescent and young swimmers, who have registered harmonious
nonspecific adaptive reactions. Moreover, the formation of a harmonious adaptive reaction
of the body in response to the influence of an external factor is determined by the variety
of interactions of various components of the functional system responsible for the
implementation of the adaptive effect. Depending on the level of functional requirements
imposed on the structural components of the system, the most rational algorithm for
quantitative and qualitative relationships between the components of the system is
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selected. The presence of a strong correlation between leukocytes and neutrophils,
Iymphocytes and neutrophils, lymphocytes and monocytes, which we found in young
swimmers in the age range from 11 to 16 years, seems to be a prerequisite for ensuring
effective nonspecific adaptation to the factors of swimming loads. The conducted studies
confirm our assumptions that the main factor influencing the decrease in the general
resistance of the body of children 9—10 years old engaged in sports swimming is high-
intensity physical activity, which causes the prerequisites for metabolic acidosis. In this
case, it is necessary to focus on childhood, in which adaptive reactions, exactly, their
effectiveness, are determined by age-related features and imperfect mechanisms for
regulating the vegetative functions of the body, increased vegetative reactivity of the
sympathetic, and as a result, the excess of the adaptive metabolic link.

In connection with the last, it is recommended to control the intensity of swimming
loads for young swimmers aged 9-10 years, and not to allow it to exceed the heart rate
above 165 beats/min. Applied to young swimmers over 10 years old, similar in intensity to
swimming physical activities, increase the overall resistance of their body.

CONCLUSIONS

1.  Swimming physical activity with a heart rate intensity of more than 165 beats / min
contributes to the increase in lactic acid production over 8 mmol/l in swimmers
9-10 years old, forms the prerequisites for fatigue, against which there is a decrease
in overall resistance and the development of transient immune deficiency. A similar
intensity of swimming loads among swimmers 11-16 years old contributes to an
increase in overall immunological resistance.

2. The presence of a strong correlation between leukocytes and neutrophils (r=0.71;
r=0.51), lymphocytes and neutrophils (r=-0.79; r=-0.68), lymphocytes and
monocytes (r= -0.85;r= -0.45), established in the range of 11-16 years, is a
prerequisite for ensuring effective nonspecific adaptation to swimming load factors.

3. The revealed age-specific features of non-specific immunological resistance among
swimmers with different metabolic factors of fatigue in conditions of swimming loads
allow us to reasonably recommend the amount of external influence during
swimming classes to increase the overall resistance of the body.
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B craree moOKa3aHBI pe3yNbTaTBl UCCIEAOBAHHMS BO3PACTHEIX OCOOEHHOCTEH  Hecmeruduueckoi
UMMYHOJIOTHYECKOH PE3HCTEHTHOCTH, (OPMHUPYIOLIEHCS y IUIOBLIOB B OTBET Ha MeTabonuueckue (HaKTopbl
YTOMJICHHUS IIPU TIJIaBaTeNbHBIX (pu3nyeckux Harpyskax. MccnenoBanus nposeaeHs! Ha mosnax 9-10, 11-13,
14-16 neT ¢ mpUMEHEHHEM I'eMaTOJIOTUYECKOro, OMOXUMHYECKOT0, MyJIbCOMETPHYECKOTO U CTATUCTUYECKOTO
METOJO0B. Pe3ynpTarThl Noka3zanu, 4TO HpPU PABHOM CyMMapHOH IyJIbCOBOW CTOMMOCTH IUIaBaTEIbHbBIX
¢m3myecky Harpy3ok y mioBnoB 9-10, 11-13 u 14-16 ner ompenesieHBl pa3IudMs B MPOIYKIUU MOJIOYHOH
KHCJIOTHI 1TOCJIE TPEHUPOBOYHBIX 3aHATHH U OTBETAaX HeCHeU(PUIECKOro 3BeHa MMMYHHOH CHCTEMBI KpoBu. B
rpynme 9-10 5eT ycTaHOBJIEHO CHM)KEHHE HECTelH(pHYecKOM PEe3NCTEHTHOCTH B OTBET Ha IUIaBaTeNIbHEIC
Harpy3KH CyMMapHas WHTCHCHBHOCTb, KOTOpPBHIX Haxomwnack B juanazone YCC 165-166 yn/mum.
B nepudepudeckoit kpoBu aeteit 9-10 net onpeneneHo coaepKaHue MOJIOYHOM KHCIOTHI CBbIle 8 MMoJb/I,
MOBBIIICHNE KOHLEHTpaun 303uHopmIoB 1 COD 10 npeaena nmopora HOpMbl. AHAJOTUYHAS UHTEHCHBHOCTh
IUIABATEIbHBIX HAarpy3oK y IUIoBHOB 11-16 sner cmocoOcTBOBaja MOBBIIEHHIO OOLIEH MMMYHOJIOTHYECKON
PE3UCTEHTHOCTH M (OPMUPOBAHMIO HECTCUU(PUUSCKUX aJaNTALMOHHBIX PEAaKUUH Ha YPOBHE MOBBILICHHOM
akTuBanuy. [Ipu 5ToM 00s3aTeIBbHBIM yCI0BHEM (POPMUPOBAHUS TapMOHUYHBIX HECTICIN(UIESCKUX PEaKkui B
opraHusme 11-16 neTHUX IUIOBLOB SIBUJIOCh HAlM4YUE CTOUKOM KOppEIlMU MEXIy JeHKonUuTaMu U
HelTpodmiamu, uMponuTaMy 1 HelTpodmnamu, TMMGONNTaMH ¥ MOHOIIUTAMH. BEISIBIEHHEIE BO3pAcTHEIE
0COOCHHOCTH HeCTIeIM(UIECKONH PE3UCTEHTHOCTH IUIOBIIOB MO3BOJISIIOT PEKOMEHIOBAThH BEJIMUMHY BHEIITHETO
BO3JICHCTBUSI IIPH 3aHATUSIX MJIABAHUEM [IJIS TOBBIIEHUS 00IIEeil COMPOTHBIAEMOCTH OPraHNu3Ma.

Knrouesvie cnoea: Bo3pacTHbIE OCOOCHHOCTH, HecnelU(UYECKas pPE3UCTEHTHOCTh CHCTEMbl KPOBH,
TUIaBaTEIbHBIE HATPY3KU, MOJIOYAst KUCIIOTA, IOHBIE TUIOBIIBL.
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