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of schoolchildren. Athletic Identity Questionnaire for Adolescents (Anderson et al., 2007) was used and it 
was based on C. B. Anderson (2004) athletic identity model. Aiming to assess social skills, adapted Riggio & 
Friedman (1982) basic social skills questionnaire (Šniras and Malinauskas, 2006) was used.

Results: 7–8th grades girls’ athletic identity is 3.4 ± 0.6, boys’ results seems to be a little bit higher (3.5 ± 0.6). 
Both genders adolescents’ highest averages of score identity were reached in sport competence  (girls 3.8 ± 0.7; 
boys 4.0 ± 0.7) lowest – at teachers encouragement to be physically active (girls 3.2 ± 1.2; boys 3.1 ± 1.2). Girls 
essential social skills (ESS) highest averages were reached in social sensitiveness (3,7) as well in social control 
(3.7) fields;  lowest average – in emotional expressiveness (2.8 out of 5). Boys highest averages were reached 
in social control field (3.8) and the lowest – in emotional expressiveness (2.4). Test “Sit and reach” average is 
22.6 and 21.3 cm in girls and boys, respectively. “Standing broad jump” test result of girls is 160,4 cm, boys – 
176.4 cm. “Sit up” average of schoolgirls is 23,6 N/30s, schoolboys – 25.6 N/30s. “20 meter shuttle run’’ average 
of girls is 1.9 min., boys – 3.1 min. The strongest relation is established in both genders between athletic identity 
and social control (schoolgirls r = 0.46; p < 0.05; schoolboys r = 0.34; p < 0.05) the weakest relation in girls is 
between athletic identity and emotional expression (r = 0.29; p < 0.05), talking about boys – athletic identity 
and emotional control (r = 0.13; p < 0.05). Identified relation between athletic identity and all physical fitness 
tests results of schoolgirls. Total score of ESS have the strongest correlation with test “Sit and reach” (r = 0.34; 
p < 0.05), the lowest relation with “Standing broad jump” test (r = 0.25; p < 0.05). Athletic identity of boys has 
correlation with Eurofit tests “Sit and reach” and “Sit up”. Unlike girls, ESS score of boys have correlation only 
with “20 meter shuttle run’’.

Conclusions: athletic identity of 7–8th grade girls and boys is higher than average (in 5 grade scale). Girls 
have good social skills in social control and social sensitivity areas, boys – just in social control. Flexibility, 
explosive power and trunk muscle strength of teenagers is little lower than average, comparing it to Lithuania 
13–14 years pupil’s physical fitness referential scales, and cardiovascular capacity is relatively low. Girls’ athletic 
identity positively correlates with all Eurofit tests. Common score of ESS correlates with same tests, except 20 
meter shuttle run. Boys’ athletic identity correlates with flexibility and muscular endurance. ESS of teenagers 
boys are statistically significantly related to aerobic endurance. The better expression of social skills and athletic 
identity, the better is physical fitness.
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Summary
Under current conditions with noticeably increased competition between the leading sports countries on the global 

stage, the greatest success is achieved, as a rule, by representatives of the country, in which the latest achievements 
of science and technology are best used. The level of modern sport development, those overloads that the athletes 
experience are so high that any attempts to stop using medicinal preparations reflect the views of not even yesterday, 
but the day before yesterday. Over the past 15–20 years, the volume and intensity of training and competitive loads 
have increased by 2–3 times, and representatives of many sports events have almost reached the limit of the human body 
physiological capacities. That having been said, the nutritional inadequacy of athletes’ diets, the need for recovery 
and preventive measures, body adaptation to intensive physical and psychoemotional loads as well as frequent climate 
and time zone changes necessitate the usage of pharmacological preparations contributing to work capacity increase 
and accelerating the recovery processes after significant loads. Unfortunately, this has led to widespread usage of 
doping in general and anabolic steroids, in particular.

Anabolic means are the substances the action of which is aimed at intensification of anabolic (synthetic) processes 
in the body, i.e. substances accelerating formation and regeneration of structural parts of cells, tissues and muscular 
structures. Non-Olympic sports events representatives and the youth not engaged in professional sport tend to use 
steroid doping as well. The prevalence of usage of banned substances and methods remains high, reliable high-
precision methods for the detection of many of them are absent, and athletes, not knowing the pitfalls of taking 
anabolic agents, continue to use them on a mass scale, which can cause both immediate and remote negative effects 
on health and quality of life. Therefore, every new attempt to explain potential health and life quality hazards is a step 
forward in the fight against doping. 

This review presents modern classification of anabolic agents, headlines their action mechanism and details 
side effects of using representatives of all three groups of banned drugs including those recently synthesized. It is 
emphasized that the use of anabolics may not only lead to deprivation of medals won illegally, but cause immediate 
and delayed negative influences on the athlete’s body further resulting in deterioration of social adaptation, loss of 
health and, possibly, life itself. 

Keywords: sport, doping, WADA Prohibited List, anabolic agents, androgenic anabolic steroids, athlete health.

Problem statement
The level of modern sport development, those 

overloads that the athletes experience are so high that 
attempts to refuse to use allowed pharmacological 
ergogenic aids at all reflect the views of not even 
yesterday, but the day before yesterday. It is known 
that over the past 15–20 years, the volume and 
intensity of training and competitive loads have 
increased significantly, and representatives of many 
sports events have come close to the limit of the 
human body physiological capacities (Maravelias et 
al., 2005). According to Julian Savulescu, Professor 
of Oxford University (Great Britain), “… humanity 
has exhausted nature inherent capacities of the 

body. After Ben Johnson only nine athletes managed 
to run 100 m faster than 9.8 seconds, and he set his 
record back in 1988. Only two of them are still doping 
unspotted.” (Savulescu et al., 2013). The above 
necessitates application of allowed pharmacological 
preparations of ergogenic character, however, in 
many cases the process of elite athletes’ preparation 
is not without the use of WADA banned anabolic 
means.

Anabolic means are the substances the action 
of which is focused on intensification of anabolic 
(synthetic) processes in the body, i.e. substances 
accelerating formation and regeneration of structural 
parts of cells, tissues and muscular structures (Frati 
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et al., 2015). The use of steroids or more precisely 
androgenic anabolic steroids (AAS) was widely 
spread among the Olympic athletes in 70–80s of the 
last century. In November 1990, all anabolic steroids 
were ranged to a class of controlled dangerous 
substances (CDS) by American legislation (Gosetti 
et al., 2013). As of today, the prevalence of usage 
of banned substances and methods remains high, 
reliable high-precision methods for the detection of 
many of them are absent, and athletes, not knowing 
the pitfalls of taking anabolic agents, continue to 
use them on a mass scale, which can cause both 
immediate and remote negative effects on health 
and quality of life (Geyer et al., 2014).

In view of the aforesaid, the objective of the 
given review of scientific and methodological 
literature was the formation of ideas about anabolics 
as a prohibited means, mechanism of their biological 
action and side effects that occur during their usage 
and produce negative impacts on the health of 
athletes. 

Structure and mechanism of anabolic steroids 
action

Anabolics traditionally top the WADA list of 
prohibited substances. In WADA list 2015 it is Class 
S1. “Anabolic agents”, which includes three groups 
of prohibited substances: AAS proper, endogenous 
anabolic steroids when administered exogenously 
and “other anabolic agents”. Despite stringent 
prohibition by the International Olympic Committee, 
elite athletes in their zeal to gain victories quite 
frequently resort to anabolic steroids use during 
preparation, thus making a choice between health 
and the Olympic gold in favour of the latter. 

All anabolic steroids (AS) are based on a tetracyclic 
hydrocarbon that has a radical methylation ‒CH3 in 
position 13, sometimes in position 1, 7, 10; of crucial 
importance is the presence of different length radical 
in position 17 determining the duration of action of 
this or that anabolic steroid, to a great extent. Direct 
correlation between radical length and duration of 
action is explained by the fact that its elongation 
results in increased lipid solubility and intensity of 
depot formation in subcutaneous tissue. It is just 
availability of radical methylation –СН3 in position 
17 that confers hepatotoxic properties to anabolic 
steroids (Busardò et al., 2015). 

AS usage is associated with drastic increase of 
body ability to absorb proteins – protein requirement 

may increase more than threefold, up to 300 g 
per day. Accordingly, the proportion of fats and 
carbohydrates decreases leading to impairment of 
metabolic processes (Grandys et al., 2012). Increase 
of anabolic steroids dose above therapeutic one 
provides only slight enhancement of anabolic action 
along with sharp rise in side effects manifestation 
(Hajimoradi, Kazerani, 2013).

The influence of anabolic steroids on protein 
metabolism is related, above all, to the impact on 
cell genetic apparatus. Anabolic steroids penetrate 
directly into the cell nucleus through cell membranes 
and inhibit protein synthesis gene depressor. This 
leads to protein synthesis intensification in the cell: 
the synthesis of both matrix protein and RNA and 
DNA enhances (Marqueti et al., 2012; Pomara et 
al., 2015). Besides, permeability of cell membranes 
to amino acids, micronutrients and carbohydrates 
tends to increase along with elevation of glycogen 
synthesis rate. Use of AS intensifies the activity of 
pentose phosphate cycle where the parts of protein 
molecules are synthesized from carbohydrates. 
Anabolic steroids improve carbohydrate metabolism, 
increase insulin action as well as reduce blood sugar 
content. Besides, they may potentiate the action of 
endogenous somatotropin (growth hormone) that 
further enhances the anabolic effect.

All researchers note an increase of liver protein 
synthesis as a consequence of AS usage, however, 
in 5% of the followed up patients treated with 
these drugs, jaundice has developed as a result of 
cholestatic hepatitis, which disappeared after steroid 
hormones withdrawal. Practitioners note liver pains 
in almost 70% of cases of AS usage caused by biliary 
retention in bile ducts (Ross, 2014). While using 
prohibited anabolics the observed body mass gain 
occurs at the expense of not only muscular tissue but 
the increase of viscera mass – liver, heart, kidneys, 
etc. (Luciano et al., 2014; Maravelias et al., 2005) 
as well, which produces adverse effects on health, 
although being expressed to a lesser extent than the 
body mass increase. 

Classification of anabolic androgenic steroids
Anabolic androgenic steroids (AAS) are 

subdivided into endogenous, i.e. inherent in the 
body, but administered exogenously, and exogenous, 
not inherent in it initially. This subdivision is 
pretty speculative as far as even Professor Charles 
Kochakian, a world renowned expert in this field 
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and the pioneer in the creation of synthetic steroids 
has never been able to clearly divide AAS into 
exogenous and endogenous during the period of 25 
years (Kochakian, Yesalis, 2008), and here is why. 
The term “anabolic steroids” is commonly used to 
denote synthetic androgenic steroids, other than 
testosterone derivatives, however both names are 
used alternately. It is known that the main male 
sex hormone testosterone and its analogs possess 
anabolic activity. Anabolic activity of this or that 
preparation is determined in relation to anabolic 
activity of testosterone, which is taken as a unit. 
Androgenic activity is expressed in a similar way 
relative to androgen activity of testosterone, whereas 
the ratio of anabolic to androgenic activity is called 
the anabolic index (Gunina, 2015). Pronounced 
androgenic action of these compounds prevents their 
usage as health anabolic aids. In this respect, new 
steroid compounds close in structure to androgens 
but possessing a selective anabolic activity along 
with simultaneously less evident androgenic action 
were synthesized. These compounds were called 
anabolic steroids. A widely recognized review 
published under authorship of Dr. C. R. Braun of the 
Columbia Hospital of Ohio State University (USA) 
discusses numerous effects of the natural steroids – 
anabolic that are necessary for tissue construction 
and androgenic leading to masculinization (Braun, 
2013), which corresponds to findings of other 
American scientists (Shahidi, 2001).

It should be noted that scientists have invested 
great efforts in order to obtain a purely anabolic 
preparation without side effect of androgens. The 
molecules of steroids were subjected to a wide 
variety of changes, which led to the creation of a 
number of new AAS. Substances were obtained 
with either increased or decreased androgenic 
and anabolic activity. Structural changes of some 
steroids resulted in even higher androgenicity and 
reduced anabolic activity (Robles-Diaz et al., 2015). 
Despite all efforts the scientists failed to create 
a “pure anabolic” with dissociated anabolic and 
androgenic features. 

The main representative of AAS is a male sex 
hormone testosterone that has a direct influence 
on most tissues acting through specific androgen 
receptor. In muscle cells, it probably acts directly 
on androgen receptors, the density of which there 
is much lower as compared to other, more androgen 
sensitive tissues. Anabolic effect of most modern 
anabolic preparations significantly exceeds that of 
testosterone (Mhillaj et al., 2015). Consequently, 
all these preparations produce side effects peculiar 
for testosterone to a greater extent: retention of 
sodium, potassium, sulphates, phosphates and 
water, increased muscle growth in response to 
physical load, increased aggressiveness and libido, 
etc. (Isidori et al., 2005).

Synthetic derivatives of testosterone entering the 
body affect hypothalamus and hypophysis inhibiting 
hormone release and terminating testosterone 
production by testes, which influences seminal fluid 
production and thus, destroys the natural closed 
system of internal regulation. After cessation of 
synthetic steroid use, even in case of therapeutic 
usage, the body natural functions may not recover 
(Srinath, Dobs, 2014), especially when high doses of 
anabolic steroids were used as is the case with the 
athletes (Gunina, 2015).

Side effects of anabolic steroids
The mechanism of AS impact on the body is 

multifaceted, and the range of side effects during their 
long-term and even short-term usage is extremely 
wide (Table). For instance, it has been demonstrated 
that anabolic steroid use may contribute to 
disorders of thyroid gland function, activity of 
gastrointestinal tract up to the development of the 
hemorrhages (Vanberg, Atar, 2010). AS usage is 
associated with the decrease of sexual activity and 
progressive mental changes with unpredictable 
mood fluctuations, increased excitability, irritation, 
development of aggressive behaviour or depression 
(Ahrens et al., 2012).
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Table
Mechanism of action, efficiency and side effects of anabolic steroids

Characteristics Mechanism of action Efficiency Side effects

A group of different in structure 
and origin means able to enhance 
the processes of protein and other 
substances synthesis in the body. 
Anabolic steroids are synthetic 
derivatives of testosterone with 
reduced androgenic and preserved 
anabolic activity. In addition to 
anabolic steroids proper, this class 
includes “other anabolic agents” 
(zeranol, zilpaterol, clenbuterol), 
selective androgen receptor 
modulators (andarine and ostarine) 
that have been synthesized recently, 
and whose negative effects and 
long-term side effects have been 
insufficiently studied. 

The most peculiar feature of anabolic 
steroids is their ability to enhance 
the synthesis of nucleic acids 
and protein, as well as structural 
elements of body cells; stimulation 
of amino acids absorption in the 
small intestine.
Activate the production of 
insulin-like growth factor 1 and 
erythropoietin, as well as anabolic 
processes in the bone marrow 
(antianemic action). Increase 
appetite and weight gain. Positively 
affect nitrogen metabolism; inhibit 
the removal of potassium, sulfur 
and phosphorus required for protein 
synthesis; promote calcium fixation 
in the bones.

Activation of repair processes in 
bone and muscle tissue. Increase 
of strength indices, muscle 
volume, decrease of body fat 
content, breathing stimulation, 
increase of endurance and 
muscle capillarization. Work 
capacity increase, intensification 
of regenerative reactions and 
regeneration processes after traumas.

Synthetic derivatives of testosterone 
entering the body affect 
hypothalamus and hypophysis 
inhibiting hormone release and 
terminating testosterone production 
by testes. Lead to ligament damage 
(Achilles tendon rupture); tissue fluid 
retention, cardiovascular system 
dysfunction, mental disorders, liver 
damage, virilisation (in women), 
development of gynecomastia, 
decrease in testicle volume and 
quantity of sperm, infertility (in 
men), premature growth cessation in 
children and adolescents, manifested 
in cessation of epiphyseal plate 
growth in the bones; development of 
malignant tumours. After cessation 
of synthetic steroid preparation use 
the body natural functions may not 
recover.

Marked shifts in character and behavior 
often lead to serious consequences: break up 
with friends, family breakdown, appearance of 
prerequisites for making socially negative and even 
dangerous actions (“steroid rage”). According to 
some observations, complete discontinuation of 
AS is often accompanied by depression, which is 
considered as a manifestation of mental dependence 
on anabolics, similar to dependence on narcotic 
drugs (Mhillaj et al., 2015).

Anabolic steroids cause disorders of carbohydrate 
and fat metabolism, reducing resistance to glucose 
and increasing that to insulin, which is accompanied 
by drop in blood sugar, sometimes being of a critical 
nature. Usage of tableted forms of AS increases 
insulin secretion, which contributes to the onset of 
type II diabetes mellitus (Srinath, Dobs, 2014.). In 
addition, the development and/or rapid progression 
of atherosclerosis and other cardiovascular system 
diseases may occur (Thomas et al., 2012).

AS usage promotes intensive growth of muscle 
mass, which significantly exceeds the growth and 
development of respective tendons, ligaments and 
other connective tissues. This leads to ruptures 
of ligaments during heavy physical loads, the 
occurrence of inflammatory diseases and joint 
capsule, the development of tendon degeneration. 
Reduced viscosity of muscle tissue, due to water 
and sodium retention, causes a decrease of muscle 
elasticity (subjectively evaluated as “delayed onset 
muscle soreness” or “stiffness”), leads to inability 

to develop full-fledged muscular efforts. All this 
causes a predisposition to injuries of the muscular 
system and ligamentous apparatus during training 
and competitions.

It is also known that the use of AAS can lead to 
neoplasm development in the athletes – liver cancer 
(hepatocellular carcinoma) and gynecomastia 
(Rahnema et al., 2014, Teng et al., 2015). Less 
important for the prognosis and quality of life are such 
negative effects of steroids as virilization (hirsutism 
in women), the appearance of acne, fluid retention 
in tissues (Hajimoradi, Kazerani, 2013). Women 
should also be mindful of the potential virilizing 
effects of AAS (coarsening of the voice, irregular 
periods, changes in skin structure, trichauxis and 
enlargement of the external genitalia). However, up 
to now, the side effects of all the numerous, known 
to date, AAS have not been fully studied.

Anabolic steroids in adolescents may induce 
irreversible changes: cessation of long bone 
growth (closure of growth zones), followed by the 
development of short stature, precocious sexual 
development, the phenomenon of virilization and 
gynecomastia (Hajimoradi, Kazerani, 2013), which 
indicates absolute inadmissibility of steroids usage 
by young athletes.

In addition to the AAS proper, “other anabolic 
agents” also belong to the class S1 of prohibited 
anabolic agents: zeranol, zilpaterol, clenbuterol, 
selective androgen receptor modulators; the latter 
include, in particular, andarine and ostarine, 
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recently synthesized and insufficiently studied in 
terms of their acute and remote negative effects on 
the body (Thevis et al., 2015), as well as tibolone. It 
is noteworthy that tibolone, which is mainly used for 
treatment of postmenopausal symptoms in women, 
can be successfully replaced with a nontoxic herbal 
preparation (based on the extract of Actaearacemosa, 
the rattleweed, better known as cimicifuga), since 
the action of the active components of the latter 
has quite comparable direction and efficiency with 
chemical substance tibolone (Ross SM, 2014). 

The most common representative of “other 
anabolic agents” group in sport is clenbuterol. This 
substance does not belong to the steroid hormones 
proper, but the mechanisms of its influence on the 
body are compared with those of steroids. First of 
all, clenbuterol has a powerful anti-catabolic effect, 
i.e. it reduces the percentage of protein degrading in 
muscle cells and promotes an increase in the number 
and volume of muscle cells. Clenbuterol has a 
number of side effects, ranging from the occurrence 
of tremor, sweating, insomnia, anxious feelings 
to the appearance of tachycardia and seizures, 
which substantiates its ban for unauthorized use in 
sport according to the criterion of “harm/benefit” 
(Thieme, Hemmersbach, 2010). As concerns 
andarine, first included in the Prohibited List in 2015, 
it is a preparation developed by “GTX.Inc” company 
for treatment of such diseases as muscle atrophy, 
osteoporosis and benign prostatic hypertrophy. 
Andarine prevents the occurrence of side effects of 
antiandrogen drugs and prevents the development of 
prostatic hyperplasia. This property of local blocking 
of dihydrotestosterone binding to the receptors 
deprives the andarine of such negative side effects 
as premature hair loss or prostate enlargement, 
which are so characteristic of other anabolic drugs 
of steroid nature. Ostarine is a new representative 
of this group of AAS class (Enobosarm, GTx-024, 
MK-2866). This active substance, now undergoing 
clinical trials, belongs to the class of selective 
androgen receptor modulators (Thevis et al., 2015). 
Ostarine was developed by “Merck & Company” and 
“GTX Inc.” pharmacological giants for treatment of 
muscular atrophy and osteoporosis.  In the course 
of clinical trials it has been found that the level of 
testosterone in men not only fails to increase, but 
tends to decrease. Besides, a decrease in the level of 
high-density lipoproteins has been shown with an 
invariable level of low-density lipoproteins, which 

is indicative of increased risk of cardiovascular 
pathology development. Increased level of liver 
marker enzymes has been also noted, which may 
indicate the impairment of liver function.

Conclusion
Therefore, numerous data of modern scientific 

literature demonstrate that despite an obvious 
increase of sports results as a consequence of 
anabolic agents usage, their acute and especially 
long-term negative effects on athlete body are 
extremely high. The widest range of side effects of 
these pharmacological substances does not stand 
up to analysis according to “harm/benefit” ratio 
as the most important criterion for their inclusion 
in the WADA Prohibited List. It is the side effects, 
which develop during the use of anabolic agents by 
both young and skilled athletes that should become 
the object of focused attention of coaches, sports 
physicians and officials as well as mass media for 
the purpose of maintaining athletes’ health, quality 
of life and the life itself.  In this light, a number of 
new initiatives have been recently implemented to 
coordinate the anti-doping strategy in sport at the 
international level, including the development of 
new analytical methods for studying the steroid 
profile of athletes.

The widest range of anabolic steroids side effects 
according to “harm/ benefit” criterion fully justifies 
their inclusion in the WADA Prohibited List and 
requires close attention on the part of sports and 
medical community to prevent the use of steroids by 
athletes, and especially the young, due to the threat 
of quality life deterioration and the risk of fatal 
outcomes.

One should bear in mind that the correct way of 
life, the competent use of training and permitted 
extra-training ergogenic aids, balanced rational 
nutrition, adequate to load intensity, sports event 
specifics and the period of preparation application 
of recovery means will help athletes to succeed 
honestly without the use of anabolic steroids.
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ANABOLINĖS MEDŽIAGOS ELITINIAME SPORTE: ŠALUTINIO POVEIKIO EFEKTAS (APŽVALGA)
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SANTRAUKA

Tarptautinėje sporto arenoje, nuolat didėjant konkurencijai tarp didžiųjų valstybių, dažniausiai sėkmingai 
pasirodo tų šalių sportininkai, kuriose daugiau taikomi naujausi mokslo ir technologijų laimėjimai. Šiuolaikinio 
sporto išvystymo lygis, dideli krūviai, kuriuos patiria sportininkai, neįmanomi be farmakologijos preparatų, 
medicininio aprūpinimo. Per pastaruosius 15–20 metų treniruočių ir varžybų krūvių apimtis ir intensyvumas 
padidėjo 2–3 kartus ir daugumos sporto šakų atstovų jis pasiekė kritinę žmogaus organizmo fiziologinių gali-
mybių ribą. Be to, esant neracionaliai mitybai, nepakankamam atsigavimo ir reabilitacijos procedūrų kiekiui, 
dideliems psichoemociniams krūviams, dažnai klimatinių ir laiko juostų kaitai kelionės metu vis labiau didėja 
farmakologinių preparatų, didinančių darbingumą ir skatinančių atsigavimo procesus po krūvių, poveikis. To-
dėl šiuo aspektu dopingas ir anaboliniai steroidai, deja, labai paplito.

Anaboliniai preparatai – tai medžiagos, kurių veikla nukreipta į anabolinių (sintetinių) procesų stiprinimą 
organizme. Šios medžiagos skatina ląstelių, audinių, raumenų struktūros susidarymą ir atsinaujinimą. Neolim-
pinių jėgos sporto šakų sportininkai ir jaunimas, lankantis treniruočių sales, taip pat vartoja steroidinį dopingą. 
Draudžiamų preparatų vartojimas ir metodų taikymas pakankamai paplitęs, o sportininkai, nežinantys anaboli-
nių medžiagų vartojimo pavojaus, masiškai juos vartoja ir tai gali turėti neigiamų pasekmių sveikatai ir gyveni-
mo kokybei tiek artimiausiu metu, tiek ir tolesnėje ateityje. Todėl kiekvienas bandymas išsiaiškinti galimą žalą 
sportininko sveikatai ir jo gyvenimui yra žingsnis pirmyn kovojant su dopingo vartojimu.

Apžvalginiame straipsnyje pateikta naujausia anabolinių preparatų klasifikacija, nušviestas jų veikimo šalu-
tinis efektas.

Darbe akcentuojama, kad anabolinių preparatų vartojimas gali nutraukti sportininko karjerą, taip pat gali 
tapti negatyvios įtakos organizmui priežastimi tiek tuo metu, tiek ir tolesnėje ateityje, sukelti sportininko socia-
linės adaptacijos problemų, pavojų sveikatai bei gyvybei.

Raktažodžiai: sportas, dopingas, WADA draudžiami preparatai, anaboliniai preparatai, anaboliniai steroidai, 
sportininko sveikata.
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Summary
The aim of this study was to establish the effect of combined action of the dietary supplement “Leptin Manager™” 

and the power fitness program on weight loss in women with different genotypes of the 1st and the 2nd period of 
mature age. The study involved 62 overweight women (BMI≥25).The experimental group consisted of 21 women, who 
participated in the power fitness training program while simultaneously administering the drug “Leptin Manager” 
(manufactured by Xymogen, USA). The control group consisted of 17 women, who were engaged in power fitness and 
did not take the drug, and 24 women, who were not engaged in power fitness. The duration of the study was three 
months. The training method was based on the CrossFit system, functional training, included using machines (block 
and lever devices) according to the Full-body system in each training. The Q223R polymorphism of the leptin receptor 
gene (LEPR) was determined by the polymerase chain reaction in real time. Leptin indicators in Q allele carriers 
were twice higher than in R/R-genotype carriers (p = 0.045). Combined effect of the training program of power fitness 
and the use of the drug “Leptin Manager” resulted in more significant changes of anthropometric indices of the body 
composition of overweight women when compared with the control group. The most drastic changes in the body 
composition occurred in women with the R/R genotype of the LEPR gene. The usage of the drug “Leptin Manager” 
reduced leptin levels: in the experimental group by 33.4% (p < 0.05), meanwhile in the control group by 6.1%. 

Conclusion. The Q223R polymorphism of the LEPR gene can be a molecular genetic marker of leptin resistance. 
Q allele Q223R polymorphism of the LEPR gene facilitates the development of obesity. R alleles and the R/R-genotype 
of the LEPR gene help reducing leptin levels after exercise. The usage of “Leptin Manager” combined with physical 
activity reliably decreases leptin levels when compared with the control group.

Keywords: leptin, power fitness, leptin receptor gene polymorphisms, “Leptin Manager”, overweight.

Introduction
Today, one of the most pressing problems is 

overweight and obesity. Worldwide there is a trend 
toward increased prevalence of this disease. 39% of 
the world’s population over age of 18 have excess body 
weight and 13% are obese. According to the report, 
made by the World Health Organization in 2017, the 
number of people, suffering from obesity, increased 
in many European countries. Obesity is becoming 
an epidemic and leads to a significant deterioration 
of human health. In industrialized countries, almost 
50% of the population are overweight with 30% 
of them suffering from obesity. In Ukraine, every 
fourth woman and every sixth man are overweight. 
In total, about 15–20% of our country’s population 
are obese.

It is believed that 77% of the intensity of 
metabolism and the predisposition to overweight are 
determined genetically with only 23% dependent on 

the environment and individual lifestyle (Wardle, 
2008). Today, genetic factors are considered to 
be significant contributors to the pathogenesis of 
obesity (from 30 to 70%) (Rankinen, Bouchard, 
2007; Bouchard, 2008). Such indicator as waist 
circumference depends on genetic factors by 60%, 
since the body mass index – by 40%.

Obesity can be conditioned both mono-
genetically and poly-genetically, that is, obesity can 
be caused by one or several genes. The latest map 
of genes that contributes to obesity – “The Human 
Obesity Gene Map: The 2005 Update” (published in 
the journal “OBESITY”) contains a list of 11 genes, 
whose mutation leads to obesity, 50 loci, which are 
inherited, according to Mendel’s laws. In addition, 
this map contains 253 loci that affect obesity 
(Rankinen, Bouchard, 2007).

Studies, conducted in the UK, aiming to assess 
the contribution of each allele, which increases 
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the body mass index to the probability of obesity, 
obtained data, suggesting that even obesity, largely 
inherited genetically, can be reduced by 40% due to 
physical activity (Li et al., 2010). The researchers 
found each allele that increases the body mass 
index to increase obesity 1.158 times in physically 
inactive people, and 1.166 times – in physically 
active people. The development of obesity is also 
influenced by epigenetic factors that determine the 
efficiency of gene expression (Dunstan et al., 2017). 
Most genes are inactive; it is the state, controlled by 
methyl groups. 

According to modern scientific data, one of the 
causes of obesity is resistance to leptin, which is a 
hormone of saturation. As an adipocyte-dependent 
hormone leptin plays a key role in appetite regulation 
by limiting food consumption and stimulating 
metabolism to support energy balance (Lenard, 
Berthoud, 2008). Leptin acts through a leptin 
receptor, belonging to the first class of the family of 
cytokine receptors.

The potential cause of leptin resistance is 
thought to be leptin receptor gene polymorphisms 
(LEPR). The gene was found to contain 23 thousand 
polymorphisms. Four of these cause a pathogenic 
effect and shortage of leptin receptors. The Q223R 
polymorphism as leptin resistance has been 
established in most studies. Even though, changes 
in leptin levels during exercise have been previously 
researched, changes in its concentration in blood 
after power fitness workouts under the influence 
of the drug “Leptin Manager” have not been 
studied yet. If the effectiveness of weight loss in 
women with different genotypes in terms of Q223R 
polymorphism of the LEPR gene is established, it 
will help us personalize and customize the training 
process in the case of obesity.

The effect of exercises on changes of hormone 
levels, involved in the regulation of energy 
metabolism, has been demonstrated in studies of 
leptin, nestaphin-1, and irisin levels (Bostrom et 
al., 2012). But the results of studies on the effect of 
exercises on leptin are unconvincing, since some 
researchers have determined the decrease of leptin 
levels (Voss, 2016), others have established the 
increasing of leptin levels (Uysal et al., 2017), and 
some others have found no change (Ozcelik et al., 
2005).

30-minute-long aerobic exercises twice a day 
(in the morning and evening) for three consecutive 

days caused changes in leptin levels both in trained 
and untrained persons. But post-workout individual 
fluctuations in leptin levels were not related to the 
direct stress effect of workouts, but rather to changes 
in the energy balance of the people, who exercised. 
Therefore, after the morning training, the level of 
leptin increased in 13% of subjects and decreased 
in 16% of subjects. After the evening workout, it 
increased in 30% of subjects and decreased in 20% 
of subjects (Algul et al., 2017). The study casts doubt 
on the assertion that leptin is a hormone, induced by 
physical exercises.

According to Estonian researchers’ data, leptin 
and insulin levels in the group of overweight 
individuals are significantly higher than in people 
with normal body weight. The leptin level was 
inversely correlated with VO2 max in both groups: 
the higher leptin level, the lower the VO2 max. The 
level of leptin correlates with physical activity. 
The higher physical activity, the lower leptin level. 
Low physical activity in the group of overweight 
individuals is related to the leptin level in their blood 
(Remmel et al., 2017).

Year-long aerobic exercises in untrained persons 
without excess body weight caused unreliable 
fluctuations in both men and women due to the fact 
that the adipose tissue in these individuals changed 
only slightly (Salehzadeh, Agaziyev, 2011).

Several polymorphisms of leptin gene (LEP) 
and leptin receptor (LEPR) are associated with 
the development of obesity (Rojano-Rodriguez et 
al., 2016). These variants can modify the effect of 
regular physical exercise on various characteristics, 
connected with obesity, such as glucose homeostasis 
(Lakka et al., 2004). 

Some scientific studies assert that the 
polymorphisms of this gene are related to the 
most informative genetic markers of metabolic 
pathways of maintaining the energy balance 
and body composition changes in response to 
training programs, along with such markers as 
polymorphisms of FTO, MC4R, ACE, PPARG, LEP, 
ADRB2, and ADRB3 genes (Leońska-Duniec et al., 
2016). Some of these polymorphisms have been 
thoroughly studied. The variants of the LEPR gene 
were found to influence the activity of the leptin 
receptor.

Q223R (rs1137101) is characterized by the 
substitute of adenine with guanine in position 
668 in exon 6 and results in the replacement of 
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glycine with arginine in position 223 in a protein 
(Gln223Arg). Another way of notatin is c.668A > G 
(Q/R). It was established that the above-mentioned 
polymorphism affects the ability of the receptor to 
bind to leptin (Sook-Ha, Yee-How, 2014). The minor 
allele frequency (MAF) is varied in different studies. 
In addition, in different studies different alleles are 
called minor ones. Japanese scientists have shown 
that Q223R is associated with levels of physical 
activity. Thus, individuals with the RR-genotype 
demonstrated a shorter time of motor activity 
and longer inactive time (Murakami et al., 2014). 
Q223R along with rs 1137100 (K109R) indicated 
an association with the body mass index (BMI) 
and the degree of obesity in Indonesian residents. G 
allele is associated with bigger percentage of muscle 
mass than in participants with the AA-genotype. In 
addition, G allele contributed to favourable changes 
in the percentage of hypodermic fat in response to 
power fitness trainings (Wardle et al., 2008).

Among those individuals, who have a higher 
body weight index, R-genotypes are more common. 
Other studies established that FTO rs9939609 and 
LEPR rs1137101 polymorphisms of parents affect 
the body weight and BMI of new born babies 
(Marginean et al., 2016). Thus, the Q223R can serve 
a molecular genetic marker of leptin resistance and 
can contribute to the development of obesity.

However, the association of these markers with 
obesity has ethnic implications. Thus, the informational 
value of these markers in connection with obesity was 
not confirmed among the Malaysians (Sook-Ha, Yee-
How, 2014). Nonetheless, LEP A19G, G2548A, LEPR 
K109R, and Q223R were found to have a synergistic 
effect on obesity. Studies on the Mexican population 
(Rojano-Rodriguez et al., 2016) concluded that neither 
rs1137101 nor rs 1137100 are associated with obesity, 
but C allele of T/C polymorphism (rs 1805134) is 
characterized by such association.

The purpose of this study was to establish the 
efficiency of the combination of the diet supplement 
“Leptin Manager™” and the power fitness program 
on body weight loss in women with different 
genotypes of the 1st and 2nd period of mature age.

Material and methods
The study involved 62 people. The experimental 

group (EG) consisted of 21 women with excess body 
weight (BMI ≥ 25, age 36–55), who participated in 
the power fitness program while consuming the 

drug “Leptin Manager”. The control group (CG) 
consisted of 17 women, who were engaged in power 
fitness without taking the drug, and 24 women, who 
were not engaged in power fitness.

For the molecular-genetic analysis we used DNA 
samples, obtained by rinsing out the epithelial cells of 
the oral cavity. The DNA was sampled with the help 
of a universal probe. The oral cavity had been washed 
with 0.9% NaCl before collecting the material. DNA 
was isolated from the buccal epithelium using a set 
of reagents, DiatomTM DNA Prep (Biokom).

The Q223R polymorphism of the LEPR gene 
was determined in real-time by PCR method with 
the help of the device “7500 Fast Real-Time PCR” 
(Applied Biosystems, USA) using TaqMan®Master 
Mix (2x) (Thermo Fisher Scientific, USA) (assay 
C_8722581_10). Leptin was measured by the 
enzyme immunoassaying immunosorbent method 
based on the sandwich principle using Leptin 
Sandwich reagents, produced by the firm DRG 
Germany on the Tecan Sunrise immune enzyme 
analyser (Austria). Research material was received 
from blood samples, taken from the peripheral vein, 
taken in the morning at rest on empty stomach 
without prior physical activity.

The measurements of different body parts were 
taken with the help of a centimetre tape: breast 
circumference, shoulder circumference, forearm 
circumference, waist circumference, abdominal 
circumference, and hip circumferences. The body 
mass index (BMI) was calculated as well. Body 
composition was determined using “TANITA Body 
Composition Analyser BC-418” using the bioelectric 
impedance method. The following parameters were 
determined: fatty tissue (%), fat mass (kg), fat-free 
body mass (kg), total water content (kg).

The study lasted for three months (from 
November to December, 2017) in the fitness club 
“Interfit”, Kyiv. The research program included 
a preliminary examination of participants, 
questionnaires, measurement of anthropometric 
indicators, circumferences and body composition 
(ratio of body fat and muscle mass), genetic 
analysis, and the fitness classes program during the 
period of three months. All participants gave their 
informed consent to participate in the project and 
received recommendations for healthy diet as well 
as individualized training recommendations and the 
drug “Leptin Manager”, which was designed for a 12-
week treatment course (weekly). Collection of blood 
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samples and buccal epithelium and determination of 
body composition by bioimpedansometry method 
with the help of the “Tanita” device were carried out 
on the basis of the research institute of the National 
University of Physical Education and Sports. DNA 
isolation and detection of genetic polymorphisms 
were occurred in the laboratory of the General 
and Molecular Physiology Department of O.O. 
Bohomolets Institute of Physiology of the National 
Academy of Sciences of Ukraine.

The whole training process was divided into three 
weeks: easy, medium, and intensive weeks. The 
training method was based on the CrossFit system, a 
functional training, and included simulators (block 
and weight accessories) under the Full-body system 
in each training. All participants followed the rules 
of a healthy diet. They had 5–6 meals (including 
snacks) per day.

The drug “Leptin Manager” (produced by 
Xymogen, USA) is a dietary supplement with 
one capsule consisting of 15 mg of ascorbic acid 
and 80  mg of ORALVISC® formula (registered 
trademark), submitted by a mixture of glucuronic 
acid and other glycosaminoglycans. The drug target 
is fat cells. It influences adipogenesis and expression 
of genes of adipogenic markers in multipotent cells. 
It affects the level of leptin and other cytotoxic 
chemokines in serum and synovial fluid as well as 
facilitates body weight loss.

Results and discussion 
Analysis of the frequency of Q/R polymorphism 

in the leptin receptor gene (LEPR) (rs1137101) 
revealed that, in a group of women with excess body 
weight, the incidence of this polymorphism is higher 
than in the European population. Therefore, in our 
studies, the frequency of the Q/Q genotype was 
25%, Q/R – 57%, and R/R – 19%. The frequency of 
Q allele was 0.53, whereas R was 0.46. According 
to the NCBI and ESEMBL databases, the incidence 
of the A (Q) allele worldwide is 0.415, however, 
different populations have different frequency of 
this allele. Thus, according to the Quebec Family 
Study, the frequency of the Q allele in the British 
population is 0.56, in the Danish – 0.56, in the 
American – 0.54, and in the French – 0.56. In more 
closed communities, this allele is less common: 
0.15 for the Japanese and 0.25 for the Pima Indians. 
Therefore, the frequency of Q alleles in our sample 
was somewhat lower, compared to the European 

population, which can be due to the principle of 
enrolling women in our studies according to the 
criterion of excess body weight.

When measuring the level of leptin in venous 
blood by the ELISA method, we established that 
the concentration of leptin in the blood of women 
with excess body weight is characterized by wide 
variability of this indicator within the range from 
3.55 to 41.86 ng × ml-10 with an average value of 12.1 ± 
7.8 ng × ml-10. That is twice higher than the average 
percentage for women with normal body weight.

Since the reference values of normal blood leptin 
level in women is considered the range from 3,63 
to 11,09, all women were divided into three groups: 
“normal leptin level”, “above-normal leptin level “, 
and “below-normal leptin level”. Assuming that the 
normal leptin content varies from 3.63 to 11.09, 4% 
of women had “below the norm” of leptin levels, and 
36% – “above the norm”. Although, most researchers 
point out that obese women have a high leptin levels 
(Walsh, 2012), we have not received confirmation 
in our studies. The reasons for such high variability 
of leptin parameters can be unaccounted factors, 
namely, the effect of polymorphisms of the leptin 
gene itself and post-splicing processes.

The results of the study of leptin blood 
concentrations demonstrate a lower level of leptin 
in women with the genotype R/R (Fig.1). This 
peculiarity represents the tendency and is statistically 
unreliable. However, the comparison of leptin 
indexes in Q allele women-carriers (Q/Q- and Q/R-
genotypes) with those of R/R-type carriers showed 
that leptin percentage in women-carriers of Q alleles 
is twice higher than in women-carriers of the R/R-
genotype (p = 0.045). This pattern indicates that Q 
allele can contribute to the development of leptin 
resistance. The phenomenon we have established 
contradicts previously established postulates that R 
allele facilitates the development of leptin resistance 
(Sook-Ha, Yee How, 2014; Marginean et al., 2016). 
But these differences can be explained by ethnic 
characteristics, since most of these patterns were 
discovered on island populations.

In the group of women with genotype Q/Q, 50% 
of women had above-normal leptin levels; among 
women with Q/R genotype, 33.3% of them had 
above-normal leptin levels; among women with 
the R/R genotype, 11% of test subjects had above-
normal leptin levels. In women with Q/Q genotype 
the average value of BMI was 30.78 ± 3.11, in 
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women with the genotype Q/R – 31.37 ± 5.8, and 
in women with the genotype R/R – 27.4 ± 2.72. In 
Q allele carriers (Q/Q- and Q/R-genotypes), BMI 
was significantly lower than in carriers of the R/R-
genotype (p = 0.04).

ng / ml

Fig. 1. Leptin levels in women with different LEPR gene 
genotypes

Even though the level of leptin depends on the 
polymorphism of the LEPR gene, there is no direct 
dependence, since other genetic and metabolic 
factors can influence this indicator. Therefore, when 
discussing the role of leptin levels as a marker of genetic 
deficiency of leptin receptors, it should be mentioned 
that leptin levels in blood serum in obese individuals 
change disproportionately, indicating that it cannot be 
used as a marker of leptin receptor deficiency.

The Pearson’s pair correlation coefficient (r) 
between leptin levels and BMI is 0.702, whereas 
between leptin and body weight it is 0,648, and 
between leptin and adipose tissue it is 0.73. It indicates 
that there is a linear link between the anthropometric 
indexes and the level of leptin. More precisely, there 
is a strong connection between leptin, BMI, and the 
percentage of adipose tissue as well as close link 
between body weight and leptin levels.

Thus, this study established a close linear 
connection between leptin levels and indicators 
such as body mass index (r = 0.7) and adipose tissue 
content (r = 0.73); a moderate relationship between 
leptin levels and body weight (r = 0.65). Women, 
who are carriers of Q allele and Q/Q-genotype, have 
higher levels of leptin than R/R-genotype carriers. 
In women with the R/R-genotype, “above normal” 
leptin levels are 39% less common than in carriers of 
the Q/Q-genotype.

It was proven that, even though leptin levels 
change under the influence of physical activity, 
these changes are not proportional to the intensity 

or duration of physical activity, but rather reflect 
individual metabolic features. In our study, in all 
subjects of both the control and the experimental 
group, leptin levels changed in various ways. In 
total, leptin levels decreased by 2.92 ng/ml, which 
constituted 13% of the baseline level.

Under the influence of the drug “Leptin Manager”, 
there was a tendency toward normalization of 
leptin levels in subjects with higher-than-average 
leptin levels. In the experimental group, which 
took medicine and practiced workout, leptin levels 
decreased by 3.85 ± 0.25 ng/ml, which constituted 
33.4% (p < 0.05). And in the control group leptin 
level was 0.49 ± 0,3 ng/ml lower, which constituted 
6.1% of the baseline level (Fig. 2).

In the experimental group, in women with 
Q/Q-genotype leptin level increased by 0.14 ng / 
ml; in women with Q/R-genotype, it decreased by 
5.47 ng/ml and, in women with the R/R-genotype, 
it decreased by 1.4 ng/ml, which constitutes 
21.2 %. That is, the R allele and the R/R-genotype 
contribute to a decline of leptin level after exercise. 
In all groups after three months of trainings, body 
composition indicators changed in the direction 
of normalization. A wide variability of individual 
anthropometric indicators was observed.

In the control group, body weight decreased by an 
average of 2 kg, BMI decreased by 4%, the percentage 
of fat decreased from 32 to 29% (i.e., by 3%), the 
percentage of visceral fat did not decrease. Whereas 
in the experimental group, body weight decreased by 
5%, the percentage of fat decreased from 36 to 34% 
(i.e., 2%), the percentage of visceral fat decreased by 
2% due to increasing the percentage of muscle mass.

The results of changes of the indicators under 
the influence of physical activity have shown 
that the most significant changes occurred in the 
experimental group.

ng / ml

Fig. 2. Leptin level changes in control and experimental groups 
after 3-months power fitness trainings
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In subgroups of women, who were divided by 
the genotype in the experimental group, physical 
activity and drug intake, resulted in similar changes 
in direction, but different in amplitude. Body mass 
in women with Q/Q-genotype decreased by 5.8%, in 
women with Q/R genotype – by 4%, and in women 
with R/R genotype – by 6.1%. The BMI decreased 
in women with Q/Q-genotype the most (by 7%). 
The biggest changes in the percentage of fat mass 
occurred in women with the R/R- genotype. The 
biggest changes in the percentage of visceral fat 
were noticed in women with R/R- genotype (17%). 
Thus, the most drastic changes in body composition 
were observed in women with the R/R-genotype.

Conclusions
1. The causes for alimentary obesity include 

hypodynamia, genetic factors, incorrect nutrition, 
and bad eating habits. The contribution of genetic 
factors to the development of obesity is estimated 
to be from 30 to 70%. A number of leptin gene 
polymorphisms (LEP) and the leptin receptor (LEPRs) 
is associated with the development of obesity. Q223R 
polymorphism of the LEPR gene can be viewed as 
a molecular and genetic marker of leptin resistance 
and can contribute to the development of obesity.

2. Leptin level in women with excess body weight 
varies within a wide range that exceeds the norm both 
for low concentrations and for high concentrations. 
4% of women had “below-normal leptin level”, and 
36% had “above-normal level”.

3. The study revealed a close linear link between 
leptin levels and such indicators as body mass 
index (r = 0.7), adipose tissue content (r = 0.73) and 
a moderate connection between leptin levels and 
body weight (r = 0.65). Women-carriers of Q allele 
and Q/Q-genotype have higher leptin levels than 
R/R carriers. In women with R/R-genotype, “above 
normal” leptin levels are 39% less common than in 
women with the Q/Q-genotype.

4. Physical activity resulted in a slight decrease in 
leptin levels: in the experimental group – by 33.4% 
(p < 0.05) and in the control group by 6.1%. R alleles 
and the R/R-genotype of the LEPR gene contribute 
to reduction of leptin levels after exercise. The use 
of the drug “Leptin Manager” leads to a possible 
decrease of leptin levels compared to those in the 
control group.

5. The combined effect of the power fitness program 
and the use of the drug “Leptin Manager” lead to 

more significant changes in anthropometric indicators 
and body composition of women with excess body 
weight in comparison with the control group. The 
most drastic changes in body composition occurred in 
women with the R/R-genotype of the LEPR gene.

Further research will determine the effect of this 
drug on the expression of genes, which control fat 
and carbohydrate metabolism. That will make it 
possible to develop recommendations for the use of 
this drug by individuals with excess body weight 
and obese individuals, who have above-normal 
leptin level, and will help customize the medication 
for individuals with different genotypes.
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MAISTO PAPILDO „LEPTIN MANAGER“ IR JĖGOS TRENIRAVIMO PRATIMŲ KOMPLEKSINIS 
POVEIKIS SKIRTINGO GENOTIPO SVORĮ MAŽINANČIOMS MOTERIMS 

Prof. dr. Svitlana Drozdovska1, doc. dr. Oxana Palladina1, Anna Polishchuk1, Sergiy Yuriev2

Ukrainos nacionalinis kūno kultūros ir sporto universitetas, Ukraina1; 
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SANTRAUKA

Tyrimu buvo siekiama nustatyti maisto papildo „Leptin Manager“ ir svorio metimo jėgos treniruočių kom-
pleksinį poveikį moterims, turinčioms skirtingą 1-ojo ir 2-ojo brendimo genotipą. Tyrime dalyvavo 62 moterys, 
turinčios 2-ojo brendimo genotipą ir antsvorį (KMI ≥25, 36–55 metų). Eksperimentinę grupę sudarė 21 mote-
ris, dalyvaujanti jėgos treniruočių programoje ir vartojanti papildą „Leptin Manager“ (gamintojas: Xymogen, 
JAV). Kontrolinę grupę sudarė 17 moterų, kurios dalyvavo jėgos lavinimo programoje ir papildo nevartojo, ir 
24 moterys, kurios nedalyvavo jėgos lavinimo programoje. Tyrimo trukmė – 3 mėnesiai. Treniruotės buvo pa-
remtos krosfito sistema (angl. crossfit system), funkcinėmis treniruotėmis ir treniruokliais (angl. block and lever 
devices), vadovaujantis viso kūno lavinimo principu. Leptino receptoriaus geno (LEPR) Q223R polimorfizmas 
buvo nustatytas polimerazės grandininėje reakcijoje realiuoju laiku. Leptino rodikliai moterų Q alelių nešėjuose 
yra dvigubai didesni, palyginti su moterimis, kurios yra R/R genotipo nešėjos (p = 0,045). Kompleksinis jėgos 
lavinimo treniruočių programos ir „Leptin Manager“ preparato vartojimo poveikis davė daug reikšmingesnių 
pokyčių antropometriniams rodikliams ir antsvorį turinčių moterų kūno sudėčiai, palyginti su kontrolinės gru-
pės rezultatais. Didžiausi kūno sudėties pokyčiai pasireiškė moterims, kurių yra LEPR geno R/R genotipas.

Papildo „Leptin Manager“ vartojimas sumažino leptino lygį: eksperimentinėje grupėje – 33,4 proc. (p < 0,05), 
kontrolinėje grupėje – 6,1 proc. 

Išvada. Leptino geno Q223R polimorfizmas gali būti traktuojamas kaip atsparumo leptinui molekulės gene-
tinis žymuo. Q alelės LEPR geno Q223R polimorfizmas lemia nutukimo vystymąsi. Po treniruotės LEPR geno 
R alelės ir R/R genotipas padeda sumažinti leptino lygį. „Leptin Manager“ vartojimas kartu su fizine veikla, 
tikėtina, sumažina leptino lygį organizme, palyginti su kontrolinės grupės rezultatais. 

Raktiniai žodžiai: leptinas, jėgos treniravimas, leptino receptoriaus geno polimorfizmai, „Leptin Manager“, 
antsvoris.
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Gene-profiling power supply for athletes of high qualification. 
The example of biathlon
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Summary
In the presented article, the possibilities of carrying out the gene-profiling of the power supply process in biathlon, 

as an example, are considered. The results of genotyping of 31 biathlon-athletes of high qualification on a panel of six 
polymorphic markers of genes, involved in energy supply processes (ACE, PPARA, PPARGC1A, PPARD, PPARGC1B, 
and PPARG2),was given. The research was conducted in compliance with necessary ethical criteria: obtaining 
informed consent from athletes and ensuring the confidentiality of personal information.

In the examined group of biathlon-athletes, the prevalence of allele frequencies was observed: 67.74% D allele of 
the ACE gene; 77.42% G allele of the PPARA gene; 56.45% Ser allele of the PPARGC1A gene; 74.20% T allele of the 
PPARD gene; 95.16% C allele of the PPARG2 gene;100.00% C allele of the PPARGC1B gene.

Establishing the genetic potential of each athlete allows determining or refining the molecular mechanisms of 
inheritance and expanding the theoretical and methodological basis of the process of sports training. At the same 
time, having determined the differences in the distribution of genotypes in groups of highly qualified athletes, engaged 
in various sports, it is possible to carry out with confidence the genetic prognosis of success in the group of reserve 
athletes.

Based on the results of earlier conducted research, analysis of the world experience – an algorithm for managing 
the selection process of the reserve group athletes and subsequent optimization of their training process – is proposed.

Keywords: gene-profiling, power supply, athlete of high qualification, biathlon.

Introduction
Modern approaches to the selection of athletes 

and the individualization of their training 
process must necessarily take into account their 
genotypic characteristics. The identification of 
genetic marker allows predicting the patterns of 
development of the physical qualities of athletes, 
and the investigation of the influence of genetic 
determinacy on training process helps to define 
approaches to the development and correction of 
training programs for athletes taking into account 
their genetic polymorphisms (Elferink-Gemser 
et al., 2011; Tucker, Collins, 2011; Рыбина, 2013; 
Ahmetov et al., 2015; Yevdaliuk et al., 2015).Genetic 
researches of contenders, before the beginning 
of sports activity, provide possibility to receive 
recommendations for choosing specialization in 
sports. Genetic testing makes possible to determine 
the perspectives of active athletes at the stages of 
the improvement and enhance athletes’ selection 
process for representative teams of different levels 
as it serves as an objective scientific argument in 
disputable situations. Moreover, genetic analysis 

data aim to predict possible changes in health 
status of future athletes and their potential for 
sport longevity (Tucker, Collins, 2011; Ahmetov 
et al., 2015; Кручинскийet al., 2015; Рыбина, 
2016). Genetic research data can also be useful 
in correction of training process in relation to the 
direction and correlation of the types of training 
loads, particularly in giving recommendations, 
based on the identified physiological risk factors of 
athletes in accordance with genotype (Rankinen et 
al., 2010; Ahmetov et al., 2015; Bouchard, 2015). 
At the same time, the exploration of the dynamic 
changes of physical qualities at different stages of 
athletes’ training process with different variants 
(polymorphisms) of gene(s) showed the need for 
a differentiated approach to athletes of different 
polymorphic groups (Рыбина, 2013; Шепелевичet 
et al., 2013; Ahmetov et al., 2015).

As a result of the analysis of an international 
experience and data of our research, a control 
algorithm of the selection process of athletes has 
been developed. Let us consider these opportunities 
on the example of biathlon.
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Biathlon is one of the most popular winter 
sports in the Republic of Belarus. Specificity of 
biathlon is the combination of running on skis and 
shooting from two positions. The particularities 
in the movements and muscle activity are feature 
superiors of the individuality of biathlon-athletes. 
The same speed of movement can be achieved with 
a different combination of length and frequency 
of steps. The best option of technique is the one, 
characterized by the least energy costs. The energy 
potential of an athlete and the efficiency of its 
realization are the main limiting factors in the level 
of sport achievements in skiing races and biathlon 
(Манжосов, 1986; Мищенко, 1990; Wilkilson et 
al., 2008; Рыбина, Ширковец, 2015).

It is well known that the most significant factors, 
affecting sport results, are the energy capabilities of 
athletes (their aerobic and anaerobic productivity); 
speed-strength qualities; morpho-functional 
indicators and inherited abilities (skeletal body 
size, morphotype, muscular fibre composition, joint 
flexibility, heart rate in working out the standard 
submaximal load, maximum aerobic productivity, 
some elementary demonstration of speed, and the 
results of a series of motor tests) (Безуглая, 2016; 
Рыбина, 2016).

The aerobic way of energy supply (metabolism) 
is the main energy source for biathlon athletes, 
and its importance is growing with an increase of 
the length of the competitive distance. Anaerobic 
metabolic way is necessary to overcome the hills as 
well as for the development of high speed in various 
sections of the route (Мищенко, 1990; Drozdovska, 
Tyrtyshnyk, 2015; Рыбина, Ширковец, 2015).

In the view of foregoing, the achievement of high 
results in any kind of motor activity depends on many 
factors, mainly, the maximum correspondence of 
the individual characteristics of a personality to the 
requirements of the selected sport. Consequently, 
the most important condition for the effective 
selection of advanced athletes is the awareness of 
particular sport and their requirements for athletes 
of high qualification.

The effectiveness of training top-level athletes 
is determined not only by the organization of 
the training process, moreover, the strategy of 
increasing the intensity of training loads to improve 
their technical and physical training, is now almost 
exhausted and requires the search and development 
of knowledge about individual limits of physical and 

reserve abilities of the athlete, in other words, its 
genetically pre-deterministic qualities (Мищенко, 
1990;Ахметов, 2009; Рыбина, 2013; Ahmetov 
et al., 2015; Drozdovska, Oleshko, 2016). In our 
opinion, the way out from this situation is a focus 
on parameters and indicators with a high degree 
of inherited determinacy that have the stability of 
individual developmental ranks and do not comply 
with generally organized influence in the training 
process (Шепелевич et al., 2013; Кручинскийet al., 
2015, 2017).

Let us consider the features of polymorphisms of 
some genes that influence the processes of energy 
supply of training and competitive activity as the 
most important.

Receptors that activate peroxisome proliferation 
(PPARs) are a family of nuclear receptors, belonging 
to the superfamily of steroid receptors (Tucker, 
Collins, 2011; Ahmetov, 2015; Кручинский et al., 
2015). They play an important role in the regulation 
of energy supply for athletes as well as ensure 
the interaction of nervous, humoral, and energy 
processes during change of environmental factors 
or homeostasis parameters. The range of biological 
functions of PPARs is very wide. PPAR regulates 
the expression of genes, involved in the process of 
steroidogenesis, angiogenesis, tissue remodelling, 
regulation of the cell cycle, apoptosis, and metabolism 
of lipids and carbohydrates. Thus, the PPARA gene is 
located in chromosome 22 at the locus q13.31 and is 
expressed in tissues, where the enhanced metabolism 
of fats takes place, notably, in the muscles, liver, 
heart, and brown fat. PPARAs act as activators of 
oxidation of fatty acids. Expression of PPARA is 
controlled by stress stimulus, glucocorticoids, and 
insulin. It is also activated by fatty acids, eicosanoids, 
carbaprostacyclin, nonsteroidal anti-inflammatory 
drugs, and leukotriene B. The main function of the 
PPARA protein is the regulation of lipid metabolism, 
glucose, and energy homeostasis as well as body 
weight by regulating the expression of genes, involved 
in peroxisomal and mitochondrial oxidation. PPARA 
regulates genes, responsible for the metabolism of 
fatty acids, and mediates the balance between cellular 
fatty acids and glucose metabolism, especially in 
metabolic or physiological stresses. During physical 
activity of aerobic nature, the growth of utilization 
of fatty acids takes place due to an increase of the 
PPARA gene expression and a cascade of regulated 
genes that ultimately improve the oxidative capacity 
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of skeletal muscles. It is known that, with a low 
expression of the PPARA gene, the capacity of tissues 
of efficient β-oxidation of fatty acids decreases and 
tissue metabolism moves on a glycolytic method of 
getting the energy. Among the examined PPARA 
polymorphisms, the G/C polymorphism of the seventh 
intron G2528C can be distinguished. The prevalence 
of rare C allele in the European population is 20%. 
This replacement of guanine by cytosine leads to 
a decrease in the expression of the PPARA gene, 
as a result, the regulation of lipid and carbohydrate 
metabolism is impaired.

The PPARG gene is localized on chromosome 
3p25 locus (Ahmetov et al., 2015; Кручинский et 
al., 2015). As a result of alternative splicing from 
this, the gene of four transcripts is formed, differing 
at the 5-end with a different number of untranslated 
exons: PPARG1, PPARG2, PPARG3, and PPARG4. 
The functions of this transcription factor are the 
regulation of genes, connected with fat accumulation, 
the differentiation of adipocytes and myoblasts, 
sensitivity to insulin, and osteoblast and osteoclasts 
activity. The most studied polymorphism of the 
PPARG gene is Pro12Ala that causes the replacement 
of nucleotide C by G at the 34th position of exon B 
that leads to the replacement of proline by alanine 
at amino acid position 12 of the PPARG2 isoform. 
The Pro12Ala polymorphism leads to a decrease 
of the affinity and reduce in PPARG activation by 
ligands. The rare Ala allele’s frequency varies from 
1% Chinese to 25% Europeans. With the Ala/Ala 
genotype, a lower level of insulin resistance and 
a lower risk of hyperglycaemia in type 2 diabetes 
than the Pro/Pro genotype carriers as well as a 
lower risk of myocardial infarction were observed. 
Moreover, the homozygotes (Pro/Pro genotype) 
have a higher risk of developing type 2 diabetes in 
cases of misbalancing glucose tolerance. A meta-
analysis of 30 different researches with a reference 
set of 19,136 people showed that the carriers of the 
Ala allele have a larger body mass index than the 
Pro/Pro homozygotes, i.e., they lose weight harder 
in passing to a hypocaloric diet, but they quickly 
gain weight after the finishing diet.

The PPARD gene is located on chromosome 
6p21.1-p21.2 and is actively expressed in fat tissue 
and in slow muscle fibres of skeletal muscles 
(Elfernik-Gemser et al., 2011; Ahmetov et al., 2015). 
The gene product –PPARD protein that regulates the 
expression of genes, involved in fatty acid oxidation 

and cholesterol metabolism, – is an important 
factor in insulin sensitivity. The target genes of the 
transcriptional factor PPARD in muscle tissues are 
the genes of oxidative metabolism, mitochondrial 
respiration, and thermogenesis genes, determining 
the functions of slow muscle fibres, brown and white 
fat tissues. Among the allelic variants of the PPARD 
gene, T294C polymorphism of the untranslated 
part of the fourth exon is the most interesting. 
The frequency of minor allele C in the European 
population is 21.7%. The PPARD transcriptional 
activity formed by 39% of the mutant allele C is 
higher than the T allele. In addition, the replacing 
of nucleotide T to C leads to the formation of a 
new determinant point with transcriptional factors, 
intensifying PPARD expression. It is shown that 
the presence of the C allele of the PPARD gene 
promotes greater fat catabolism and reduces the risk 
of obesity to a certain extent. The homozygotes CC 
have an increased level of low density lipoproteins 
and a low level of high density lipoproteins in the 
blood.

The peroxisome proliferator-activated receptor 
gamma coactivators (encoded by PPARGC1A 
andPPARGC1B) are transcriptional coactivators of 
PPAR family that regulates genes, involved in energy 
metabolism. PPARGC1A interacts and regulates the 
activity of the cAMF-dependent transcriptional 
factor (CREB) and nuclear respiratory factors. This 
provides a direct link between external physiological 
stimuli and the regulation of mitochondrial biogenesis, 
and this is the main mechanism that regulates the 
differentiation of muscle fibres. PPARGC1A also 
takes part in the control of blood pressure, regulates 
cellular cholesterol metabolism and the development 
of obesity. PPARGC1B gene stimulates the activity of 
transcription factors and nuclear receptors, including 
the estrogenalpha-receptor, nuclear respiratory factor 
1, and glucocorticoid receptors. The encoded protein 
may be involved in fat oxidation, a non-oxidative 
metabolism of glucose as well as the regulation of 
energy usage and the development of pre-diabetes 
and type 2 diabetes. The Arg292Ser (+102605C>A)
allelic variationin exon 5 of this gene increases the 
risk of obesity.

The ACE gene is localized in chromosome 17; it 
encodes the amino acid sequence of the angiotensin 
converting enzyme that catalyses the proteolytic 
cleavage of angiotensin I into angiotensin II (Elfernik-
Gemser et al., 2011; Рыбина, 2013; Шепелевичet al., 
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2013; Ahmetov et al., 2015). The ACE gene contains 
a I/D polymorphisminintron 16. In the case of the 
DD genotype, the concentration of the c-AMF is 
increased, which causes the participation of the allele 
D in vasoconstriction, blood pressure, association with 
arterial hypertension, degradation of bradykinin, the 
main vasodilator. It has been found that the allele D is 
associated with the prevalence of fast muscle fibresand 
with physical qualities such as speed, strength, rapidity 
as well as the increase in explosive strength and 
velocity qualities in response to anaerobic loads. The 
increase of fast glycolytic muscle fibres is accompanied 
by powerful short-term reductions, which ensure 
the performing of high-intensity exercises. The 
homozygous genotype DD, generating angiotensin 
II in elevated levels, is a factor in the synthesis of 
structural proteins in the heart cells, which provoke 
cardiac hypertrophy under prolonged loads.

At the moment, the sports activity is a complex 
of training process and medical-biologic support of 
athletes at all stages of a long-term preparation (Maron, 
Klues, 1994; Corrado et al., 2003; Безуглая, 2016).

In the view of foregoing, the purpose of this 
research is to analyse the frequencies of the 
polymorphic markers of the genes, involved in the 
energy supply of high qualification biathlon-athletes.

Material and methods 
The research involved 31 biathletes of high 

qualification (sport masters and international sport 
masters). 

The selection of biological material for 
subsequent research and the analysis of the material 
were preceded by an information procedure for the 
research and a written confirmation agreement for 
participation. Polymerase chain reaction (PCR) 
was used to detect the I/D of the ACE gene. The 
genotyping of the PPARA gene G2528C, PPARGC1A 
gene Gly482Ser, PPARD gene +294T/C, PPARGC1B 
the Arg292Ser, and PPARGof the Pro12Ala variants 
were carried out by PCR, followed by the restriction 
endonuclease (TaqI, MspI, BslI, ApaI, BstUI). 
The visualization of the results of genotyping was 
carried out using a UV trans-illuminator of the 
gel-documentation system (Vilberlaurmat, France). 
Fragments of DNA and DNA marker appeared 
in the form of luminous bands, when the gel was 
irradiated with a UV lamp. DNA markers were 
verified by the presence of amplified fragments as 
well as their size (Ахметов, 2009). 

Statistical evaluation of the genotyping was 
carried out by computer program Statistica v. 8.0 
for Microsoft Exel 2007. The χ2 criterion with the 
Yates correction or the exact Fisher test was used 
in a pairwise comparison of the frequencies of 
alleles and genotypes between analysed groups. The 
difference between two comparative values was 
considered statistically significant when p < 0.05.

To analyse the results of genotyping, the 
following genotypes of biathlon-athletes were 
graded by the most favourable genotypes for the 
process of energy supply: II genotype of ACE, 
GG genotype of PPARA, CC genotype of PPARD, 
CC genotype ofPPARG2, GlyGlygenotype of 
PPARGC1A – 2 points; heterozygous genotypes – 
1 point; homozygous unfavourable genotype – 0 
points.

Results and discussion
The distribution of genotypes and alleles of 

researched polymorphisms are presented in Table 1.

Table 1
The genotype and allele frequencies of the biathlon-athletes 

group

Polymorphisms Genotype/
allele

Frequencies,
n (%)

1 2 3

I/D
АСЕ

DD 14 (45.16)
ID 14 (45.16)
II 3 (9.68)
D 42 (67.74)
I 20 (32.26)

G2528C
PPARA

GG 20 (64.52)
GC 8 (25.80)
CC 3 (9.68)
G 48 (77.42)
C 14 (22.58)

Gly482Ser
PPARGC1A

Gly/Gly 1 (3.23)
Gly/Ser 25 (80.64)
Ser/Ser 5 (16.13)

Gly 27 (43.55)
Ser 35 (56.45)

+294T/C
PPARD

TT 17 (54.84)
CT 12 (38.71)
CC 2 (6.45)
T 46 (74.20)
C 16 (25.80)

Arg292Ser
PPARGC1B

СС 31 (100.00)
СА -
АА -
С 62 (100.00)
А -

Pro12Ala
PPARG2

CC 28 (90.32)
CG 3 (9.68)
GG -
C 59 (95.16)
G 3 (4.84)
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In the researched group of biathlon-athletes, 
the prevalence frequency of minor alleles was: the 
ACE allele D – 67.74%, PPARA allele G –77.42%, 
PPARGC1A allele Ser – 56.45%, PPARD allele T 
allele – 74.20%, PPARG2allele C – 95.16%, and 
PPARGC1B allele C – 100.00%.

Next, the genetic profile of the energy supply 
process was constructed from tested polymorphisms 

(Fig. 1). In this case, the results of genotyping of the 
PPARGC1B gene polymorphism were not taken into 
account, because only one genotype was identified 
during the research.

In principle, the results, obtained by us, do not 
contradict published studies of foreign authors 
(Corrado et al., 2003; Elfernik-Gemser et al., 2011; 
Tucker, Collins, 2011).

Fig. 1. Distribution of genetic profile results in the studied group of biathlon-athletes

Obviously, the majority of athletes in the 
researched group showed the effective energy 
supply processes that are quite understandable by 
their high level of sports qualification.

For the research, we have considered 
polymorphisms of genes that were involved in 
cardiovascular system, carbohydrate and lipid 
metabolism, energy metabolism, affecting the 
muscle and fat mass, and, therefore, associated with 
physical activity. Obtained results in the research 
of the genetic predisposition of biathlon-athletes 
demonstrated the possibility of this scientific 
and methodical approach to optimization and 
individualization of training. The presented results 
lead us to conclude that the gene-profiling allows 
to choose a biathlon specialization for beginners as 
well as to improve the training of highly qualified 
athletes.

The effectiveness in sport activities is a 
symbiosis of environmental influences and 
genetically determined abilities as well as qualities 
of the athletes. Having information on genetically 

determined characteristics within the reaction norm 
and information on anthropometry and component 
composition of the body and their dynamics under 
the influence of high physical loads, the trainer and 
athlete are able to achieve high results.

Consequently, the determination of the genetic 
potential of each athlete makes it possible to define 
or refine the molecular mechanisms of inheritance 
and expand the theoretical and methodological basis 
of the process of sport training. At the same time, 
having determined the differences in the allocation 
of genotypes in groups of highly qualified athletes, 
engaged in various sports, it is possible to carry out 
with confidence the genetic prognosis of success in 
the group of reserved athletes.

The presented results of genotyping of highly 
qualified biathlon-athletes for estimating the 
effectiveness of their energy supply for training and 
competitive activities demonstrated the possibility 
of influencing practically on all stages of training of 
high-class athletes. This example is an illustration 
of the analysis of both world experience and our 
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research. Based on the results, we developed an 
algorithm for managing the selection process of the 
reserve athletes group and subsequent optimization 
of their training process (Рыбина, 2015; Безуглая, 
2016). 

At the first stage, it is recommended to perform 
genotyping to obtain a basic information on the 
predisposition of athletes to speed-strength training 
or endurance training as well as for theestimation 
of the nervous system potential. This process 
includes the following operations: a questioning; a 
buccal test (epithelium of inner surface of cheek) for 
sampling of biomaterial for investigation (an extract 
DNA from buccal epithelium); an identification of 
polymorphisms according to selected (depending on 
the task) gene panel by polymerase chain reaction 
and other molecular genetic methods.

As a result, the coach receives the primary 
information that is the basis for further selection and 
orientation work. In this case, genetically examined 
athletes are divided into three groups. For example, 
the ACE gene polymorphism allocation is: the first 
group consists of applicants, who by their genotype 
fully correspond to the sport, for example, athletes 
with a II homozygous genotype are appropriate to 
ski races and biathlon; the second group includes 
athletes, who have found a complete discrepancy, 
i.e., applicants with a homozygous variant DD; and 
the third group is composed of all other athletes, 
who have a heterozygous ID genotype. Accordingly, 
the athletes of the second group are considered as 
applicants after all the others and the athletes of the 
first group – as primal.

It should be emphasized that the results of 
genotyping are not a strict contraindication to 
selection as success in various activities since it 
is determined by a complex of abilities and even 
a number of indicators, negatively affecting the 
results, as well as can be compensated by a high level 
of development of other qualities. In this context, 
the results of genotyping should help coaches in 
identifying potentially advanced athletes, who 
should not be “lost” at early stages.

At the second stage, athletes are estimated 
according to medical and biological criteria. 
Their health status, anthropological features of 
development (accelerated-delayed), functional 
capabilities of aerobic energy supply system, data of 
muscle biopsy (is not performed in the Republic of 
Belarus), level of specialized perceptions – complex 

psycho-physiological (sense of time, sense of pace, 
feeling of developed efforts, feeling of snow in 
skiers and biathletes, etc.) characteristics, efficiency 
of work, capacity to transfer loads and efficient 
recovery, availability of reserve capabilities of the 
body to maintain and possibly enhance previously 
achieved level of adaptation are taken into account.

At the third stage, athletes are estimated according 
to psychological and pedagogical criteria. We have 
taken into account the state of the art of performing 
various special preparatory exercises.

These aspects were settled as criteria: the 
effectiveness of movements that, in most cyclic 
sports, is evidenced by their low tempo with a 
long step length and high speed when passing 
short segments; the level of development of 
physical qualities (speed-strength, various types of 
endurance, flexibility, and coordination abilities) 
with particular attention paid to the rate of their 
growth from one stage of preparation to another; 
and personality-mental qualities (mental reliability, 
motivation, will, aspiration for leadership, resistance 
to stressful situations during competitions, the 
ability to tune into an active competitive struggle, 
the ability to mobilize forces in acute competition, 
the mental stability in performing volumetric and 
intense training work, the ability to control effort, 
pace, speed, direction of movement; distribution 
of strength in the process of competition as well as 
the ability to show the highest results in the most 
important competitions, surrounded by strong 
competitors).

The final decision to involve a child in sports is 
to be based on a comprehensive assessment of all 
the listed selection criteria, rather than taking into 
account one or two characteristics.

Conclusion
The effectiveness in sport activities is a symbiosis 

of environmental influences and genetically 
determined properties as well as the qualities of a 
person. Athlete’s body is able to achieve high results 
with the knowledge of its size, its proportions, 
genetically determined within the norm of reaction, 
and under the influence of high physical loads.

Our results can be used to design better selection 
and training processes in order to allow athletes 
achieving their full potential. 

This significantly expands the theoretical and 
methodological base of the sports training and 
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allows making the transition from the recruitment 
system in sport sections to the targeted selection of 
potentially successful athletes already at the stage of 
improving sports skills.
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DIDELIO MEISTRIŠKUMO BIATLONININKŲ ENERGIJOS GAMYBOS GENŲ PROFILIAVIMAS

Prof. dr. Nikolas Kruchynsky1, dr. Tatiana Lebed1, dr. Vitaly Marinich1, Нelena Slyj1, 
dr. Natalja Shepelevich1, dr. Sergei Yevdaliuk2

Polesės valstybinis universitetas1, 
Bresto regioninis sporto medicinos centras2, Baltarusija

SANTRAUKA

Darbo tikslas – ištirti didelio meistriškumo biatlonininkų energijos gamybos proceso genų profiliavimo ga-
limybes. Darbe pateikiami 31 didelio meistriškumo biatlonininko 6 polimorfinių markerių sistemos rinkinys, 
veikiantis energijos gamybos procese (ACE, PPARA, PPARGC1A, PPARD, PPARGC1B ir PPARG2). Tyrimai 
atlikti laikantis reikiamų etikos reikalavimų, asmeninės informacijos konfidencialumo. 

Tyrimo rezultatai parodė, kad dažniausiai randami aleliai yra: ACE geno D alelis (67,74 proc.), PPARA geno 
G alelis (77,42 proc.), PPARGC1A geno Ser alelis (56,45 proc.), PPARD geno T alelis (74,20 proc.), PPARG2 
C alelgeno alelis (95,16 proc.), PPARGC1B geno C alelis (100 proc.). 

Atlikti šios sportininkų grupės DNR tyrimai parodė pakankamai efektyvią energijos gamybą – tai patiki-
mai patvirtinama aukštu jų sportinės kvalifikacijos lygiu. Kiekvieno sportininko genetinio potencialo tyrimas 
leidžia nustatyti arba patikslinti paveldimumo molekulinį mechanizmą ir papildo teorinę ir metodinę sportinio 
rengimo duomenų bazę. Nustačius įvairių sporto šakų sportininkų genotipų pasiskirstymo skirtumus, galima 
atlikti patikimą jaunųjų sportininkų genetinę prognozę.

Remiantis kitų pasaulio šalių mokslininkų tyrimų rezultatų analize ir šio darbo autorių atliktų tyrimų duo-
menimis, buvo sukurtas jaunųjų sportininkų atrankos algoritmas, leidžiantis geriau optimizuoti jų treniruočių 
procesą.

Raktažodžiai: genų profiliavimas, energijos gamyba, didelio meistriškumo sportininkas, biatlonas. 
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Athlete’s cardio-vascular system’s functional state before and 
after use of pharmaceutical drugs

Dr. Liubov Tsekhmistro1, Dr. Nelya Ivanova2

Belarusian State University of Physical Culture, Republic of Belarus, Minsk1 
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Summary
The research was carried out before and after use of complex of pharmaceutical products, that included adaptogen 

“Pantocrine Forte”, amino acid complex “Tavamine” and enterosorbent “Polyphepanum” by track and field athletes 
and handball players. Administration of pharmaceutical products caused rebuilding of mechanisms of heart rate’s 
vegetative regulation, central hemodynamics component and myocard’s bioelectric activity affected by sportsmen’s 
optimal level of fitness state’s achievement. 

The aim of the research is to study the influence of pharmaceuticals on the functional state of the cardiovascular 
system of athletes and handball players.

To characterize the systemic circulation was used hardware-software complex “Impercard-M”. The following 
parameters were studied: HR (bpm) – heart rate; SAP, DAP, APmean. (mmhg), – respectively, systolic, diastolic, 
mean blood pressure; SV (ml) – stroke volume; CO (l/min) – cardiac output, TPR (dyn×s×сm-5) – total peripheral 
resistance, LV filling pressure (mmhg) – pressure filling the left ventricle, сardiac index, l/(min×м2).

The study of bioelectric activity of a heart was carried out to determine the level of functional reserve of metabolism, 
the level of myocardial hyperfunction on the device “Poly-Spectrum 8E/LLC”.

To assess the bioelectric activity of the heart, the time and amplitude parameters of the functional state of the 
myocardium were used: the duration of the intervals P (ms), p–Q (ms), QRS (ms)  respectively, intracardiac, atrial-
ventricular and intraventricular conductivity; Q–T (ms) – electrical systole; angle of alpha in degrees (axis QRS, °).

To study the parameters of heart rate variability the software and hardware complex “Poly-Spectrum” was used. 
The main characteristics were determined: Mo (ms) – mode, AMo (%) – mode amplitude, dRR (ms) – variational 
scale, SDNN (ms) – standard deviation of RR intervals, stress index (relative units) – voltage index of regulatory 
systems, HF (%) – high frequency (High Frequency), LF (%) – low frequency (Low Frequency) ), LF/HF – criterion 
of sympatho-vagus balance, the ratio of activity levels of the central and autonomous circuits of regulation, VLF (%) – 
very low frequency waves (Very Low Frequency).

The study involved 10 athletes and 9 handball players aged from 17 to 21 years, with 1st category qualification, 
Candidates for Master of sport. The selected group of athletes with different orientation of the training process.

The study was conducted before and after the use of a complex of drugs, which included the adaptogen “Pantocrine 
Forte”, amino acid complex “Tavamine” and enterosorbent “Polyphepanum”. These drugs were taken in a certain 
dosage for 10 days.

On the basis of the study of the impact of pharmaceuticals on the state of the cardiovascular system, the manifestation 
of economization of heart activity (a tendency to reduce heart rate, SAP, DAP and mean AP) was observed in two 
groups of patients. 

The above data indicate that the use of pharmacological drugs has caused the restructuring of the mechanisms 
of autonomic regulation of heart rate, the central level of hemodynamics and bioelectric activity of the myocardium, 
while achieving the optimal level of training of athletes.

Keywords: cardiovascular system, central hemodynamic, electrocardiography, heart rate variability, athlete, 
complex of drugs.

Introduction
The high efficiency of the trained athlete is due 

to the improvement of adaptation and regulation 
mechanisms at all levels of functioning, as well as 
developing changes in it. At the same time, it is known 
that high performance suggests an individual optimal 
level and balance of regulatory systems that provide 
hemodynamics, metabolic and energy reactions 

in muscle activity (Граевская, Долматова, 2004; 
Corrado et al., 2009; Гаврилова,Земцовский, 2010).

Athletes’ usage of drugs is aimed at expanding 
the adaptive capacity of the body to physical loads 
and accelerates the recovery process. The choice of 
certain drugs depends on the period of preparation 
and the need to obtain the level of training that will 
successfully achieve a certain result (Сучковидр. 
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1990; Сейфулла, 1999;  Макарова, 2003; 
Furlanelloet al., 2011; Gunina, Sheyko, 2018).

In recent years, sports science is characterized 
by the active development and implementation in 
practice of a large number of pharmacological drugs 
to improve physical work capacity and accelerate 
the recovery process, starting with youth sports. It 
is necessary to focus attention on the fact that the 
use of drugs by athletes is only one of the elements 
of the overall system of impact on the adaptation of 
the body to physical loads (Платонов, 2015). 

Pharmacological effects on the body of the athlete 
should not be constant, and coincide with the time 
when the load has already caused some adaptive 
changes in the organism’s. Complex restorative drugs 
should be directed, first, to the maintenance of energy 
and plastic resources, and, secondly, to the partial 
elimination or detoxification of metabolic products. 

The main task of pharmacological support of 
athletes at the recovery stage is the removal of toxins 
from the organism’s, formed during heavy physical 
activity, as well as drug therapy of overstrain of 
various systems and organs. During the period of 
intense physical activity, the task of strengthening 
protein synthesis in the organism, saturation of the 
diet with full-fledged proteins and carbohydrates is 
put forward to the fore. In the pre-competition and 
competition periods, the most important tasks are 
the creation of energy depots in the organism’s, 
prevention of infectious diseases, maintenance 
of immunological status (Сучковидр., 1990; 
Сейфулла, 1999; Макарова, 2003).

Thus, the main tasks of pharmacological support 
in a particular period of preparation of the athlete is 
dictated by the direction and volume of training and 
competitive loads, the degree of tension of certain 
systems of the body.

The aim of the research is to study the influence 
of pharmaceuticals on the functional state of the 
cardiovascular system of athletes and handball players.

Material and methods
To characterize the systemic circulation was used 

hardware-software complex “Impercard-M”. The 
following parameters were studied: HR (bpm) – heart 
rate; SAP, DAP, APmean. (mmhg), – respectively, 
systolic, diastolic, mean blood pressure; SV (ml) – 
stroke volume; CO (l/min) – cardiac output, TPR 
(dyn×s×сm-5) – total peripheral resistance, LV filling 

pressure (mmhg) – pressure filling the left ventricle, 
cardiac index, l/ (min×m2).

The study of bioelectric activity of a heart was 
carried out to determine the level of functional reserve 
of metabolism, the level of myocardial hyperfunction 
on the device “Poly-Spectrum 8E/LLC”.

To assess the bioelectric activity of the heart, the 
time and amplitude parameters of the functional state 
of the myocardium were used: the duration of the 
intervals P (ms), p–Q (ms), QRS (ms) respectively, 
intracardiac, atrial-ventricular and intraventricular 
conductivity; Q–T (ms) – electrical systole; angle of 
alpha in degrees (axis QRS, °).

To study the parameters of heart rate variability 
the software and hardware complex “Poly-
Spectrum” was used. The main characteristics were 
determined: Mo (ms) – mode, AMo (%) – mode 
amplitude, dRR (ms) – variational scale, SDNN 
(ms) – standard deviation of RR intervals, stress 
index (relative units) – voltage index of regulatory 
systems, HF (%) – high frequency (High Frequency), 
LF (%) – low frequency (Low Frequency), LF/HF – 
criterion of sympatho-vagus balance, the ratio of 
activity levels of the central and autonomous circuits 
of regulation, VLF (%) – very low frequency waves 
(Very Low Frequency).

Regular sports training changes the functional 
the state of the whole organism’s, but the main 
limiting link in the system transport of oxygen in 
sports activities is the cardiovascular system, the 
most a significant contribution to the functional 
tension of the organism’s makes the system of 
support of myocardial contractile function. 

Due to the fact that the cardiovascular system 
is limiting to achieve sports results, changes 
in the bioelectric activity of the heart, Central 
hemodynamics occur quite early and are manifested 
in the form of violations of repolarization, 
arrhythmias and a decrease in myocardial 
contractility. We have chosen such methods of 
control as electrocardiography, heart rate variability 
and Central hemodynamics study.

The study involved 10 athletes and 9 handball 
players aged from 17 to 21 years, with 1st category 
qualification, Candidates for Master of sport.

The study was conducted before and after the use 
of a complex of drugs, which included the adaptogen 
“Pantocrine Forte”, amino acid complex “Tavamine” 
and enterosorbent “Polyphepanum”. These drugs 
were taken in a certain dosage for 10 days.
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Pantocrine-antler extract of red deer, refers to 
the group of adaptogens/ in other words, substances 
that contribute to the development of a state of non-
specifically increased resistance, manifested in an 
increase in efficiency, increased resistance to a wide 
range of damaging factors. The active principle 
of this drug is a complex of biologically active 
substances – lipids, amino acids, nucleic acid bases, 
peptides and microelements (calcium, magnesium, 
iron, sodium, potassium, phosphorus). Pantocrine 
was taken inside 200 mg, 30 minutes before eating, 
2 times a day.

Tavamine is a complex drug containing L-leucine, 
L-isoleucine, L-valine and taurine, belonging to the 
group of hepatoprotectors. Leucine, isoleucine and 
valine are essential amino acids with branched-chain 
hydrocarbon, that make up 42% of all amino acids 
of muscle tissue, they are active building blocks of 
muscle, during training they are used for energy. 
Tavamine was taken inside 200 mg, 2 times a day.

Taurine is a sulfur-containing amino acid formed 
in the body from cysteine, it can be found in the heart 
muscle, central nervous system, leukocytes, skeletal 
muscles, it is necessary for the metabolism of fats, 
maintain normal cholesterol, normal metabolism 
of sodium, potassium, calcium and magnesium. 
Taurine prevents the release of potassium from the 
heart muscle. Taurine was taken inside 250 mg, 30 
minutes before eating, 2 times a day.

Polyphepanum is a natural enterosorbent on 
the basis of lignin. Lignin (from lat. lignum-wood, 
wood) is a substance that characterizes the stiffened 
walls of plant cells. A complex polymer compound 
found in vascular plant cells and some algae. 
In medicine, lignin is used as a drug, providing 
enterosorbent, detoxification, antidiarrheal, 
antioxidant, hypolipidemic and complexing action.
Polyphepanum was taken inside one hour before 
taking other drugs 50 g 2 times a day.

Statistical processing of the material was carried 
out using the program STATISTICA: descriptive 
statistics. The normality of the sample distribution 
was estimated using the Shapiro-Wilka criterion. 
Determination of the significance of differences was 
carried out using Student’s criterion (t).

Results and discussion
The analysis of central hemodynamics 

parameters before the course of pharmaceuticals 
revealed hyperkinetic and normokinetic type of 

blood circulation in athletes. After the use of drugs, 
there is a tendency to increase the hyperkinetic type 
of blood circulation. At the same time, there was a 
decrease in the level of blood pressure, both systolic 
and diastolic, but not beyond the physiological norm 
(Table 1).

Table 1
Average group indexes of central hemodynamics, bioelectric 

activity of the heart and heart rate variability among 
representatives of track and field athletics before and after 

the use of pharmaceuticals
Indexes Before use of 

pharmaceutical 
products X±S

After use of 
pharmaceutical 
products X±S

Сentral hemodynamics
SAP, mmhg 129.0 ± 14.0 119.0 ± 10.0
DAP, mmhg 8.0 ± 5.0 73.0 ± 8.0
HR, bpm 57.0 ± 11.0 55.0 ± 9.0
SV, ml 103.6 ± 51.5 116.6 ± 39.3
CО, l/min 6.7 ± 2.8 6.6 ± 2.8
Cardiac index, l/(min×м2) 4.4 ± 1.4 5.2 ± 1.5
TPR, dyn×s×сm-5 1008.2 ± 463.1 805.2 ± 258.8
LV filling pressure, mmhg 18.8 ± 3.0 18.8 ± 2.3
Bioelectric activity of a heart
P, ms 114.8 ± 11.9 113.8 ± 8.9
PQ, ms 156.8 ± 21.9 155.2 ± 22.3
QRS, ms 107.9 ± 6.7 108.4 ± 6.8
QT, ms 400 ± 17.3 407.4 ± 17.9
QTс, ms 616.9 ± 150.9 632.7 ± 163.0
axis QRS, ° 70.7 ± 28.5 65.55 ± 27.5
Heart rate variability
Мо, мс 1063.1 ± 348.2 1148.4 ± 184.7
АМо, % 29.6 ± 13.1 25.4 ± 7.4
Stress index, relative units 28.9 ± 23.1 24.2 ± 18.4
dRR, ms 550.8 ± 196.6 480.1 ± 174.2
VLF, % 39.7 ± 26.6 39.3 ± 17.7
LF, % 20.2 ± 10.0 21.4 ± 9.5
HF, % 38.4 ± 21.1 58.8 ± 58.8
LF/HF 0.8 ± 0.7 0.6 ± 0.3
SDNN, ms 91.2 ± 25.2 93.5 ± 28.2

It will be observed that if the athletes before the 
course of pharmaceuticals was defined the vertical 
position of the electric axis of the heart or the 
deviation of the electric axis of the heart to the right, 
then both the vertical and horizontal position of the 
electric axis of the heart was recorded. Negative 
waves T as an indicator of metabolic disorders in 
the heart muscle before the use of pharmaceuticals, 
were identified among 4 athletes in the allocation 
of TavL (lateral region), and after the use of drugs 
there was a tendency to normalize this indicator.

The primary examination of almost all athletes 
involved in athletics revealed the normotonic type 
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of regulation of the heart rate with a predominance 
of parasympathetic effects on the background of a 
distinct dominance of autonomous mechanisms of 
regulation with a moderate effect of breathing on 
the heart rate. After a course of pharmaceuticals, 
the activity of the sympathetic link of regulation 
increased.

The high functional state of the physiological 
sports heart in the examined athletes should be 
regarded as a manifestation of the formation of a long-
term adaptive reaction, ensuring the implementation 
of previously inaccessible in its intensity of physical 
work, corresponding to the period of training.

Comparative analysis of the central 
hemodynamics of handball players revealed a 
tendency to reduce systolic, diastolic and mean 
blood pressure (Table 2). At the same time, there 
was a tendency to reduce heart rate after the use of 
pharmaceuticals. As can be seen from Table 2, the 
indicator of SV remained at the same level.

Sinus bradycardia was observed among 5 
athletes, the rest of the heart rate was registered 
within the physiological norm. In athletes, sinus 
bradycardia is considered as an indicator of fitness 
only to a certain level. Bradycardia that is less than 
40 reductions per minute should be considered as a 
consequence of fatigue, infectious and toxic effects, 
especially in combination with other deviations 
on the ECG (Eckel et al., 2014; Oja et al., 2017). 
With frank bradycardia, athletes may experience 
migration of the rhythm source, i.e., the movement 
of the rhythm driver from the sinus node to the 
atrioventricular and back.

It is noteworthy that the majority of athletes (5) 
observed normokinetic type of blood circulation, 
4 – hyperkinetic.

According to the majority of authors studying 
types of blood circulation, in hyperkinetic type the 
heart works in the least economical mode and the 
range of compensatory possibilities of this type is 
limited. In this type, there is a high activity of the 
sympathetic-adrenal system. The tendency to the 
formation of hyperkinetic blood circulation with 
high rates of the CO due to the increase in heart 
rate against the background of increased TPR 
indicates a great stress of adaptive mechanisms 
and is considered by many authors as a pathology 
(Граевская, Долматова, 2004; Гаврилова, 
Земцовский, 2010).

Table 2
Average group indexes of central hemodynamics, bioelectric 

activity of the heart and heart rate variability among 
representatives of handball before and after the use of 

pharmaceuticals

Indexes

Before use of 
pharmaceutical 
products X±S

After use of 
pharmaceutical 
products X±S

Сentral hemodynamics

SAP, mmhg 121.0 ± 90 117.0 ± 12.0

DAP, mmhg 78.0 ± 6.0 75.0 ± 8.0

APmean., mmhg 92.0 ± 5.0 89.0 ± 7.0

HR, bpm 62.0 ± 12.0 59.0 ± 12.0

SV, ml 121.11 ± 27.35 122.00 ± 34.48

CО, ml/min 7533.33 ± 2029.77 7328.88 ± 2707.67

Cardiac index, l/×м2) 3.63 ± 1.00 3.27 ± 1.45

TPR, dyn×s×сm-5
1086.44 ± 473.76 1100.83 ± 435.30

LV fillingpressure,mmhg 18.86 ± 2.33 18.72 ± 1.87

Bioelectric activity of a heart

P, ms 113.77 ± 12.41 115.11 ± 8.76

PQ,ms 151.22 ± 21.48 150.77 ± 23.56

QRS, ms 110.00 ± 9.36 110.11 ± 9.37

QT, ms 406 ± 23.51 404.44 ± 33.92

QTс, ms 400.33 ± 18.64 392.88 ± 26.22

axis QRS, ° 64.11 ± 37.67 65.00 ± 36.23

Heart rate variability

Мо, ms 1058.66 ± 218.83 1097.33 ± 198.07

АМо, % 35,66 ± 16.37 29.27 ± 10.16

Stress index, relative units 68.68 ± 92.98 41.61 ± 36.56

dRR, ms 399.88 ± 165.09 463.78 ± 190.54

VLF, % 45.66 ± 17.02 36.11 ± 13.93*

LF, % 23.88 ± 12.63 27.55 ± 6.94

HF, % 30.55 ± 11.94 36.22 ± 15.29*

LF/HF 0.94 ± 0.84 0.99 ± 0.74

SDNN, ms 66.22 ± 25.15 93 ± 49.35
Note: * – accuracy of differences at p < 0.05

The most favorable from the point of view of 
adaptation to physical loads is considered to be the 
normokinetic type of blood circulation, contributing 
to increased efficiency.

Thus, it is obvious that in the conditions 
of physiological rest in handball players with 
normokinetic type of blood circulation, the necessary 
level of blood supply is maintained, primarily due 
to the high specific peripheral resistance, and in 
hyperkinetic itis maintained due to the increase in 
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SV. This means that, depending on the type of blood 
circulation, the mechanisms of maintaining the 
same level of homogeneous index (blood pressure) 
are different.

In a state of rest in handball recorded normal 
ECG(5 athletes). Sharply frank arrhythmia was 
defined among 2 athletes. It is known that sinus 
arrhythmia is a periodic change in the rhythm 
of cardiac cycles associated with the phases of 
respiration. The difference between long and short 
intervals does not exceed 0.16 C. the Severity of 
respiratory arrhythmia is one of the important 
indicators of the functional state of the heart. It is 
considered to be sharp when the fluctuations in 
the duration of RR reach 0.3 ms or more. In these 
cases, the arrhythmia indicates a violation of the 
regulation of the sinus node, which may be a sign 
of overtraining (Баевский, Мотылянская, 1986; 
Флейшман, 1999; Parekh, Lee, 2005).

Ectopic rhythm was revealed among 2 athletes.
It should be noted that handball players revealed 

normal duration of atrial and ventricular conduction. 
However, 1 athlete had atrioventricular conduction 
at the upper limit of the norm. The duration of the 
Q–T interval, characterizing the electrical system of 
the ventricles, was observed in all athletes within 
the normal range.

It will be observed that 6 handball players had a 
vertical position of the electric axis, 2 had normal, 
1had a sharp deviation of the electric axis of the 
heart to the left.

Special attention is given to the appearance 
of ECG signs of overstrain of the myocardium. A 
negative wave T was found in 1 handball player in 
the lead avL (side area) and 1 athlete was observed 
reduced, two-humped wave T in the leads V2-V3 
(front-city area). These changes are associated, 
apparently, with metabolic disorders in the heart 
muscle due to physical and nervous overload 
(Chuiko, 2011; Riebe  et al., 2015; Drezner, et al., 
2016, 2017; Zorzi et al., 2018). 

It will be observed that on the basis of the Romhilt-
Estes and Cornell criteria, 1 athletes showed signs 
of left ventricular hypertrophy, which is considered 
as an adaptive change (Fletcher et al., 2013).

After the use of pharmaceuticals, no significant 
changes were detected according to the ECG.

We have found a tendency to increase the 
activity of the humoral canal regulation of the heart 
rate after the use of pharmaceuticals. At the same 

time, the analysis of stress index and AMo indicates 
a tendency to reduce the centralization of heart 
rhythm control and the activity of the sympathetic 
autonomic nervous system. In addition, increased 
vagal influence on the heart rhythm.

Normotonic type of heart rate regulation with 
the predominance of parasympathetic modulations 
was observed in 6 athletes, and 1 had frank 
vagotony. Sharply franked vagotony is considered 
as a condition on the verge of norm and pathology, 
requiring serious adjustment of training loads. 1 
handball players was determined sympathetic type.

Similar results on the predominance of 
autonomous circuit activity and parasympathetic 
effects were obtained in the analysis of respiratory 
waves (HF).

The value of LF component testified to the normal 
activity of regulatory mechanisms providing local 
and general adaptation of the vascular system to 
changes in stroke volume and cardio outputamong 
5 athletes. 1 handball player showed moderate, 2 – a 
sharp increase and 1 – a moderate weakening of the 
activity of the vasomotor center. 

At the same time, along with these changes, 2 
athletes showed a moderate decrease and 2 a sharp 
decrease in the level of activity of the energy-
metabolic link of regulation, which indicated a 
decrease in functional reserves for the restoration 
of disturbed homeostasis. 2 handball players have 
a moderate increase in the activity of the VLF 
component.

After taking pharmaceuticals, there was a 
tendency to normalize the activity of the vasomotor 
center. The activity of the sympathetic subcortical 
center decreased significantly (p < 0.05). It is known 
that the values of VLF reflects cerebral ergotropic 
effects on the lower levels and allow us to judge about 
the functional state of the brain at psychogenic and 
organic pathology of the brain. There is evidence 
that VLF is a sensitive indicator of metabolic 
processes control and well reflects the energy 
deficit States. Thus, VLF parameters characterize 
the influence of higher vegetative centers on the 
cardiovascular subcortical center and can be used 
as a reliable marker of the degree of connection 
of autonomous (segmental) levels of regulation of 
blood circulation with supra-segmental, including 
pituitary-hypothalamic and cortical levels.

It should be noted a significant increase in 
the power of the respiratory waves of the heart 
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rate (p  <  0.05). The enhancement of respiratory 
waves (HF) can be considered as activation of the 
cardioinhibitor center; the activity of the pacemaker 
and vasomotor centers is weakened, which may 
be associated with a decrease in control by higher 
levels of regulation or inhibition of the modulator 
center as a result of changes or strong reflex effects.

Conclusion
1. On the basis of the study of the impact of 

pharmaceuticals on the state of the cardiovascular 
system, the manifestation of economization of heart 
activity (a tendency to reduce heart rate, SAP, DAP 
and mean AP) was observed in two groups of patients. 

2. According to the results of this study, in the vast 
majority of cases, the main indicators of the athletes’ 
ECG were within the limits that are considered to be 
physiological. At the same time, 1 handball player showed 
changes, indicating a violation of the repolarization 
processes, requiring correction of the training process. 
There were no significant electrocardiographic changes 
after the course of pharmaceuticals. Among 4 athletes 
from athletics, were diagnosed with metabolic disorders 
in the heart muscle before the use of pharmaceuticals, 
and after the use of drugs, there was a tendency to 
normalize this indicator.

3. The tendency to decrease the centralization 
of the heart rhythm control and the activity of 
the sympathetic autonomic nervous system was 
revealed in handball players, and vagal effects on 
the heart rhythm increased. The predominance of 
HF components of spectral analysis indicates a good 
condition of athletes. The activity of the sympathetic 
subcortical center significantly decreased.

4. After the course of pharmaceuticals, athletes 
have increased the activity of the sympathetic link 
of regulation.

The above data indicate that the use of 
pharmacological drugs has caused the restructuring 
of the mechanisms of autonomic regulation of 
heart rate, the central level of hemodynamics and 
bioelectric activity of the myocardium, while 
achieving the optimal level of training of athletes.
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SPORTININKŲ ŠIRDIES IR KRAUJAGYSLIŲ SISTEMOS FUNKCINĖ BŪKLĖ PRIEŠ VAISTŲ VARTOJIMĄ 
IR BAIGUS JUOS VARTOTI
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SANTRAUKA

Buvo atliktas lengvosios atletikos sportininkų ir rankinio žaidėjų tyrimas prieš vaistų – adaptogeno „Pan-
tocrine Forte“, aminorūgščių komplekso „Tavamine“ ir enterosorbento „Polyphepanum“ – vartojimą ir baigus 
juos vartoti. Farmaciniai produktai padėjo atstatyti sportininkų širdies ritmo vegetacinius mechanizmus, o cen-
trinė hemodinamika ir miokardo bioelektrinė veikla pasiekė optimalų fizinio pasirengimo lygį.

Tyrimo tikslas – ištirti medikamentų įtaką lengvaatlečių ir rankinio žaidėjų širdies ir kraujagyslių sistemos 
funkcinei būklei. 

Siekiant charakterizuoti sisteminę apytaką, buvo naudojamas programinės ir techninės įrangos kompleksas 
„Impercard-M“ ir tiriami šie parametrai: širdies ritmas (dūžiai per minutę), sistolinis, diastolinis ir optima-
lus kraujospūdis (mmHg), kraujo perpompavimas (ml), širdies minutinis tūris, bendras periferinis atsparumas 
(dyn×s×сm–5), kairiojo skilvelio prisipildymo slėgis, širdies indeksas (l/min×m2). 

Širdies bioelektrinės veiklos tyrimas įrenginiu „Poly-Spectrum 8E/LLC“ buvo atliktas siekiant apibrėžti me-
tabolizmo funkcinio rezervo ir miokardinės hiperfunkcijos lygį. Kad būtų galima įvertinti širdies bioelektrinį 
aktyvumą, buvo pasitelkti miokardo funkcinės būklės laiko ir amplitudės parametrai: intrakardinio, prieširdžio 
ventrikulinio ir intraventrikulinio laidumo intervalų trukmė (ms), elektrinis susitraukimas (ms), alpha kampas 
laipsniais (intraventrikulinė ašis, °).

Siekiant ištirti širdies ritmo svyravimus, buvo pasitelkta „Poly-Spectrum“ programinė ir techninė įranga. 
Nustatytos šios pagrindinės charakteristikos: režimas (ms), režimo amplitudė (%), nuokrypio skalė (ms), stan-
dartinis intervalų nuokrypis (ms), reguliavimo sistemų įtampos indeksas, aukšti dažniai (%), žemi dažniai (%), 
simpatinės nervų sistemos ir Vagus nervo balansas, centrinio ir autonominio reguliacijos mechanizmų aktyvu-
mo lygių santykis, labai žemo dažnio bangos (%).

Tyrime dalyvavo 10 lengvaatlečių ir 9 rankinio žaidėjai, kurių amžius buvo 17–21 metai. Visi tiriamieji pri-
klausė pirmai kvalifikacinei kategorijai ir buvo kandidatais gauti Sporto meistro vardą. Tyrimas buvo atlieka-
mas prieš vaistų komplekso vartojimą ir baigus vartoti. Skirtų vaistų, kurie atskiromis dozėmis buvo vartojami 
10 dienų, sąrašą sudaro: adaptogenas „Pantocrine Forte“, aminorūgščių kompleksas „Tavamine“ ir enterosor-
bentas „Polyphepanum“.

Remiantis medikamentų įtakos širdies ir kraujagyslių sistemai tyrimu, dviejose pacientų grupėse buvo pa-
stebėtas širdies veiklos taupumo (širdies ritmo, sistolinio, diastolinio ir optimalaus kraujospūdžio susilpnėjimo 
tendencija) pasireiškimas. Anksčiau pateikti duomenys įrodo, kad vaistų vartojimas sukelia autonominio širdies 
ritmo reguliacijos mechanizmų, centrinio hemodinamikos lygio ir bioelektrinės miokardo veiklos persitvarky-
mo procesus siekiant optimalaus sportininkų pasirengimo lygio.

Raktiniai žodžiai: širdies ir kraujagyslių sistema, centrinė hemodinamika, elektrokardiografija, širdies ritmo 
pakitimai, sportininkas, vaistų kompleksas.

Gauta 2018-05-24
Patvirtinta 2018-06-08

Liubov Tsekhmistro
Belarusian State University of Physical Culture
Republic of Belarus, Minsk
Phone: +375 29 3514562
E-mail: infanda@mail.ru



SPORTO MOKSLAS / 2018, Nr. 2(92), ISSN 1392-1401 / eISSN 2424-394970

Sporto mokslas / Sport Science
2018, Nr. 2(92), p. 70–71 / No. 2(92), pp. 70–71, 2018	

KRONIKA
CHRONICLE

11-oji Baltijos šalių sporto mokslo konferencija

Baltijos šalių sporto mokslo asociacijos veikla 
tęsiasi jau antrąjį dešimtmetį. Estijoje, Tartu uni-
versitete, 2018 m. balandžio 25–27 d. įvyko 11-oji 
Baltijos šalių sporto mokslo konferencija. Jos ren-
gėjai buvo Tartu universitetas (TU) kartu su Balti-
jos sporto mokslo asociacija, Estijos aktyvaus gy-
venimo klasteriu, Socialinių ir sveikatos mokslų 
doktorantų mokykla bei Tartu universiteto Projektų 
skyriumi. Konferencijos tikslas – skleisti Europos ir 
pasaulio sporto mokslo naujoves, dalytis naujausių 
tyrimų rezultatais. Uždaviniai: sporto mokslo plėto-
jimas Baltijos šalyse; doktorantūros ir magistrantū-
ros studijų kokybės derinimas; jaunųjų mokslininkų 
rengimas; įvairių sporto renginių organizavimas, 
bendradarbiavimas su nacionalinėmis ir tarptauti-
nėmis sporto ir su juo susijusiomis organizacijomis. 
Kaip įprasta, konferencija darbą pradėjo Baltijos 
šalių sporto mokslo asociacijos tarybos posėdžiu, 
kuriame daugiausia dėmesio buvo skirta asociacijai 
priklausančių universitetų mokslinių publikacijų, 
atspausdintų Web of Science Thomson Reuters duo-
menų bazėje, apžvalgai. Pažymėtina, kad 2017  m. 
buvo gana produktyvūs – didelę pažangą šioje sri-
tyje padarė Lietuvos sporto universitetas, paskelbęs 
78 publikacijas, bei Latvijos sporto pedagogikos 
akademija (LSPA), taip pat padidinusi tokių publi-
kacijų skaičių. Šio posėdžio metu buvo išrinktas 
naujas asociacijos prezidentas. Eilės tvarka prezi-
dentu buvo išrinktas Estijos atstovas  – Tartu uni-
versiteto prof. Jaakas Jürimäe. Pasikeitė ir vicepre-
zidentai: viceprezidentu iš Latvijos tapo prof. Juris 
Grants (LSPA), iš Lietuvos – prof. Audronius Vilkas 
(LEU). Įvyko pokyčių ir tarybos narių sąraše: LSU 
prof. Albertą Skurvydą pakeitė prof. Aivaras Rat-
kevičius, TU prof. Vello Heiną pakeitė doc. Andre 
Koka.

Į konferencijos programą šiais metais buvo 
įtraukta 112 pranešimų, iš kurių 38 buvo žodiniai ir 
36 stendiniai. Jaunieji mokslininkai parengė 32 pra-
nešimus, plenariniuose posėdžiuose buvo perskaity-

ti 6 pranešimai. Palyginimui galima pažymėti, kad 
2017 m. Kaune vykusioje konferencijoje buvo gauta 
152 pranešimai. Svarbu pažymėti, kad Tartu vyku-
sios konferencijos rengėjai šį kartą didesnius reika-
lavimus kėlė pranešimų kokybei, o ne jų kiekybei. 
Be Baltijos šalių mokslininkų, šiais metais konfe-
rencijoje dalyvavo pranešėjai iš JAV, Vokietijos, Is-
panijos, Suomijos, Lenkijos, Turkijos ir kt.

Konferencijos plenariniame posėdyje buvo per-
skaityti šeši pranešimai. Prof. Inigo Mujika iš Ispa-
nijos Baskų universiteto skaitė pranešimą apie jėgos 
didinimą ištvermę lavinančiose treniruotėse. Kitą 
pranešimą skaitė JAV Teksaso universiteto prof. 
Markas Lochbaumas, kuris kartu dirba ir Lietu-
vos edukologijos universitete. LEU doc. dr. Aušra 
Lisinskienė su savo podoktorantūros studijų moks-
liniu vadovu prof. M. Lochbaumu yra laimėję Lie-
tuvos mokslo tarybos dvejų metų trukmės podokto-
rantūros projektą, finansuojamą Europos Sąjungos 
struktūrinių fondų lėšomis. Jų vykdomų mokslinių 
tyrimų tikslas yra sukurti apklausos priemonę, kuri 
leistų įvertinti trenerio–sportininko–tėvų tarpasme-
nius santykius sportinės veikos kontekste. Profeso-
rius konferencijoje pristatė temą „Pasiekimų tikslai 
ir sporto patirtis – tai, ką mes žinome ir ką turime 
padaryti“, kurioje atskleidė motyvacijos sporte as-
pektus, plačiai sporto tyrimuose nagrinėjamos pa-
siekimų teorijos kontekste. Pranešimo metu sukur-
ta itin jauki ir motyvuojanti atmosfera, sužadinusi 
klausytojų aktyvumą. Nestokota humoro jausmo 
ir visiems dalyviams buvo perteikta amerikietiška 
nuotaika. Po pranešimo vykusios aktyvios disku-
sijos leidžia daryti išvadą, kad tema klausytojams 
buvo aktuali ir įdomi. Paminėtina, kad doc. dr. 
A.  Lisinskienė, Lietuvos edukologijos universiteto 
dėstytoja, tyrėja, podoktorantūros stažuotoja, vado-
vavo socialinius sporto pedagogikos ir sporto vady-
bos klausimus nagrinėjančios sekcijos darbui, kur 
buvo pristatomi edukaciniai sporto aspektai. Prof. 
Simonas Perikles iš Vokietijos Mainco Johanes Gu-
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tenbergo universiteto kalbėjo apie genetinius mar-
kerius sporto moksle. Baltijos šalims atstovavo trys 
pranešėjai: Tartu universiteto mokslininkė Aave 
Hannus ir kalbėjo apie vieno atvejo projektų tyri-
mų supratimą ir nesupratimą. Mokslininkė iš La-
tvijos sporto pedagogikos akademijos Aleksandra 
Čuprika pristatė pranešimą apie žmonių įtraukimo 
į masinį sportą problemas. Pranešėjas iš Lietuvos 
sporto universiteto Tomas Venckūnas kalbėjo apie 
adaptaciją prie intervalinių treniruočių vartojant an-
tioksidantus. 

Kaip ir kiekvienais metais, Baltijos šalių konfe-
rencijos metu vyko jaunųjų mokslininkų konkursas, 
kuriame atlikti tyrimai buvo pristatyti keturiose 
sekcijose. Šiemet buvo pristatyti 32 žodiniai pra-
nešimai. Pirmojoje sekcijoje, kur buvo nagrinėjami 
treniravimo mokslo klausimai, geriausiu pranešimu 
pripažintas Latvijos sporto pedagogikos akademijos 
doktoranto Igorio Siminaičio pranešimas apie respi-
racinės depresijos efektą triatlonininkų organizmo 
funkcijoms parengiamuoju laikotarpiu. Antrojoje 
sekcijoje, nagrinėjusioje socialinius sporto peda-

gogikos aspektus ir sporto vadybą, geriausiu buvo 
pripažintas Ispanijos Murcijos katalikiškojo San 
Antonio universiteto jaunosios mokslininkės Mari-
jos de la Trinidad Morales Belando pranešimas apie 
jaunųjų krepšininkų atakų ir baigiamųjų veiksmų 
skirtumus, kuriuos lemia kamuolio svoris. Fizio-
terapijos, sveikatos bei fizinio aktyvumo sekcijoje 
geriausiu pripažintas Tartu universiteto doktorantės 
Margot Bergmann pranešimas apie asmenų, turin-
čių trauminį nugaros smegenų pažeidimą, liemens 
raumenų tonuso ir gyvybinės plaučių talpos santykį 
ir jų sveikatos kontrolę. Sporto fiziologijos, bioche-
mijos ir medicinos klausimus nagrinėjančioje sekci-
joje geriausiai įvertintas LSU doktoranto Mindaugo 
Kvedaro pranešimas apie raumenų silpnėjimą sens-
tant ir atliktą tyrimą apie kalorijų mažinimo įtaką. 
Jaunųjų mokslininkų konkurse šį kartą dalyvavo tik 
doktorantai. 

12-oji Baltijos šalių sporto mokslo konferencija 
numatyta vykdyti 2019 m. balandžio 24–26 d. Vil-
niuje, Vytauto Didžiojo universitete.

Prof. habil. dr. Kazys Milašius
Konferencijos mokslinio komiteto narys




