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Abstract—The article presents the results of the study 
concerning the adaptation of a speedskater’s body to intense 
physical exertion during certain intervals of a one-year 
macrocycle. The study involved athletes belonging to the “youth” 
age category (14-15 years old), training at all distances of all-
round events (500 m, 1000 m, 1500 m, 3000 m), as well as male 
sprinters and male all-rounders of 20-26 years old specializing in 
running short (500 m, 1000 m) and long distances (1500 m, 3000 
m and 5000 m) respectively. The article shows that the analysis of 
certain biochemical blood parameters, in particular hormones 
and metabolites, in the presence of hyperkinetic stress during the 
training activity of sprinters and all-rounders at the general 
preparatory stage, allows minimizing negative consequences in 
the form of fatigue. The article indicates that the competent 
management of maladaptive processes in speed skating at the 
beginning of a one-year macrocycle determines a qualitative 
increase in sports results in the future. 

Keywords—speed skating; adaptation; general preparatory 
stage; one-year macrocycle; hormones; metabolites. 

I.  INTRODUCTION

Speed skating needs new research on improving the 
performance and performance of athletes in tournaments. 
Therefore, mainly this study is devoted to the formation of 
athletes adaptation with huge physical exertion. 

It is well known that when studying the issues of 
individual and group adaptation of athletes, it is necessary to 
use biochemical studies in the training process. They are a 
component of the integrated control system, a set of 
interconnected subsystems of pedagogical, biomedical, 
biomechanical, biochemical and psychological control, united 
by a common goal of an objective assessment of an athlete’s 
preparedness for the proposed loads at different stages of 
preparation. 

The purpose of biochemical control in sports is to optimize 
the training and competition activity of athletes based on the 
objective assessment of their bodies’ adaptive processes 

during muscle activity and subsequent rest [1]. This goal is 
achieved by solving the three main tasks of biochemical 
control, presented below [12, 13]. 

1. Health assessment with the following selection and
admission to training and competitions. Specific tasks are 
defined as early diagnosis of metabolic disorders and 
assessment of nutrition adequacy during systematic physical 
loads. 

2. The study of a body’s metabolic reaction to physical
activity, which is necessary for solving specific tasks of 
determining the level of general and special training status of 
an athlete; monitoring the course of recovery processes in a 
body after training and competition loads; identifying the 
effectiveness of special tools aimed at improving efficiency 
and accelerating recovery processes (special nutrition, 
pharmacological agents, physiotherapeutic procedures, etc.). 

3. Detection of doping substances in an athlete’s body in a
competition environment. 

Biochemical studies in sports are obviously carried out in 
combination with physical activity, since at rest the adaptive 
parameters of a trained athlete are within normal limits and do 
not differ from the same indicators of a healthy person. It 
should be noted that during research, the samples are taken 
before the test load, then in the dynamics of physical exertion, 
or immediately after it, as well as in different periods of 
recovery [9, 10]. 

Organization of biochemical monitoring involves the 
simultaneous use of its several forms at different periods of 
training: immediate examinations and ongoing examinations; 
complex stage examinations; in-depth complex examinations; 
competition activity examinations. 

II. RESEARCH METHODOLOGY

Speed skating is a cyclic kind for which the study of blood 
biochemical parameters during long-term and short-term work 
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is important. It is necessary to select such differentiated 

methods of sports training that provide an increase in sports 

results without depleting of the skaters organisms [15]. 
The purpose of this research is to study the biochemical 

blood parameters of speedskaters within the framework of 
rational management of individual and group adaptation of 
athletes to physical exertion of different orientations at the 
general preparatory period of the training process. 

The study involved two age groups of speedskaters. 
“Male” category includes sprinters (16 persons) and all-
rounders (15 persons) with the sports titles of master of sports 
and international master of sports. These skaters are included 
in the regional lists of Russian national teams and participate 
in Russian and international tournaments. In addition, the 
study involved the athletes of “youth” category, having the 
first sports rank and the rank of candidate for master of sports, 
in the amount of 29 persons. 

Various biochemical blood parameters were used in the 
study, such as determination of hormones in serum by 
standardized methods at the general preparatory stage of a 
one-year macrocycle. These results are also planned to be used 
to determine the indicators’ dynamics, the subsequent 
identification of their relationship with sports and technical 
results achieved during the winter competition season. 

It should be noted that the study participants provided their 
personal informed voluntary consent for biomaterial (venous 
blood) sampling with the subsequent use of the results for 
scientific research. Mathematical processing of the research 
data was carried out using computer programs: “Microsoft 
Excel 2010”, “Statistica 8.0”. 

Note that the youthful period is extremely important for 

the formation of adaptation to the increasing load in the future. 

At the same time, highly qualified athletes at different stages 

of training should also correctly approach the increase in load, 

in order to avoid overtraining. It is proved that there are 

different stages in achieving sporting results, replacing each 

other. Therefore, the period of bookmarking functionality is so 

significant. 

III. RESULTS

Preparatory period is the time of fundamental training. In 
speed skating, it is divided into two major stages: general 
preparatory (basic) and special preparatory stages. General 
preparatory stage is characterized by an increase in the level of 
an athlete’s physical fitness, improvement of physical qualities 
that underlie high sports achievements in a chosen sport, and 
the study of new motor actions. The duration of this stage 
depends on the number of competition periods in a one-year 
cycle and averages 6-8 weeks [2, 3]. It was at this stage that 
venous blood sampling from the speedskaters of various 
qualifications of the stated age groups in specialized 
institutions was organised within the study framework. 

It is worth noting that a body’s choice of adaptation 
strategies is evidenced by a change in the level of metabolites: 
glucose, lactate, pyruvate, fatty acids, glycerol, urea, and so 
on. Biochemical transformations in the blood are mainly a 
reflection of the processes occurring in the working muscles 

and in the internal organs of athletes. They depend on the 
nature of the work and allow assessing the involvement degree 
of various biochemical processes in muscles’ energy supply 
[6]. All the obtained data on blood biochemistry are presented 
in tables 1, 2 and 3. 

TABLE I. SOME BIOCHEMICAL INDICATORS OF BLOOD SERUM OF 

SPEEDSKATERS BELONGING TO “YOUTH” CATEGORY, AFTER PHYSICAL 

EXERTION AT THE GENERAL PREPARATORY STAGE (N = 29) 

TABLE II. SOME BIOCHEMICAL INDICATORS OF BLOOD SERUM OF 

SPEEDSKATERS BELONGING TO “MEN” CATEGORY, AFTER PHYSICAL EXERTION 

AT THE GENERAL PREPARATORY STAGE (N = 31) 

At the beginning of physical exertion, and sometimes even 
before it, the glucose concentration in blood serum increases, 
which happens due to an increase in liver glycogen 
mobilization rate. Thus, hyperglycaemia in blood serum of up 
to 8-9 mmol/l can be found in case of high-intensity loads, 
accompanied by high emotional excitement, which is not 
typical for the general preparatory stage [1]. 

Based on the data presented in Table 1, it can be seen that 
the average glucose in blood serum of “youth” category at the 
general preparatory stage is 5,37 mmol/l. For male sprinters, 
this indicator, presented in Table 2, is 5,67 mmol/l. In a group 
of all-rounders of 20-26 years, glucose level in serum was 
determined as an average value of 5,72 mmol/l. All the results 
obtained in the subgroups correspond to the norm. 

When comparing the indicators of young men with male 
sprinters, it should be noted that the glucose level in blood 
serum of the former is lower by 5,58%, as well as when 
comparing with all-rounders, where the difference is 6,51%. 
At the same time, the glucose level in blood serum of all-
rounders is 0,87% higher in relation to sprinters. 

The consequence of changes in protein metabolism is an 
increase in protein concentration in plasma, the accumulation 
of free amino acids and ammonia in blood, as well as of the 

Indicators 
Reference 

values 

General preparatory 

stage, Xaverage±m 

Glucose (mmol/l) 3,9-6,4 5,37±0,473 

Creatinine (μmol/l) 27-88 86,5±7,260 

Urea (mmol/l) 1,7-8,3 4,58±0,684 

Bilirubin (μmol/l) 0-20,5 20,12±5,018 

Total protein (g/l) 64-83 75,85±3,758 

Lactic acid (mmol/l) 0,5-2,2 4,25±0,147 

Thyroid-stimulating hormone 

(mU/l) 
0,23-3,4 

1,46±0,593 

Testosterone (nmol/l) 3,61-37,67 16,43±1,471 

Cortisol (nmol/l) 83-580 389,84±71,758 

Indicators 
Reference 

values 

General preparatory stage, 

Xaverage±m 

Sprinters 

(n=16) 

All-rounders 

(n=15) 

Glucose (mmol/l) 3,9-6,4 5,67±1,666 5,72±0,319 

Creatinine (μmol/l) 53-97 93,37±7,162 96,7±3,737 

Urea (mmol/l) 1,7-8,3 6,87±0,972 5,33±0,813 

Bilirubin (μmol/l) 0-20,5 17,87±2,380 13,37±3,296 

Total protein (g/l) 64-83 77±1,852 78,39±4,188 

Lactic acid (mmol/l) 0,5-2,2 4,87±0,474 4,16±0,474 
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level of urea. The urea concentration in blood of a healthy 
person in fasted state at rest is 3,5-6,0 mmol/l. In case of 
physical exertion, the urea level can exceed 9 mmol/l, due to 
protein degradation. It is worth noting that the increased 
concentration of creatine and creatinine in blood is especially 
evident in the presence of alactic process in energy supply. 

The creatinine level in serum of young men and two 
subgroups of adult male speedskaters at the general 
preparatory stage is presented in tables 1 and 2. According to 
the values, the average creatinine level in blood serum of 
young men is 86,5 μmol/l. For sprinters, this indicator is at the 
level of 93,37 μmol/l. For all-rounders, the level of creatine in 
serum is 96,7 μmol/l. The results obtained are within the upper 
limit of the norm. 

When comparing the indicators of young men with those 
of adult male sprinters, it should be noted that the creatinine 
level in blood serum of 14-15-year-old speedskaters is lower 
by 7,94%. Compared with all-rounders, this value has an even 
more evident downward trend to 11,79%. At the same time, in 
the older age group, the glucose level in blood serum is higher 
by 17,06% than among sprinters. 

From the tables presented above it can be seen that the 
average urea level in blood serum of young men at the general 
preparatory stage is lower compared to male sprinters, by 
34%. Compared to all-rounders, it is also lower among 
younger speed skaters by 16,37%. The urea level in blood 
serum of all-rounders is 28,89% lower than that of sprinters. 
The average level of the urea in blood serum of the group of 
young men at the general preparatory stage is 5,58 mmol/l. As 
for adult sprinters, this parameter is 6,87 mmol/l. The level of 
urea in blood serum of all-rounders is at the level of 5,33 
vmol/l. 

The average level of total bilirubin in blood serum of the 
group of young men at the general preparatory stage is 20,12 
μmol/l. As for adult sprinters, this parameter is 17,87 μmol/l. 
The level of total bilirubin in blood serum of all-rounders is at 
the level of 13,37 μmol/l. It is worth noting that the results 
obtained fall within the boundaries of reference values. 
However, when comparing the results of the total bilirubin 
level in blood serum of young men with those of sprinters and 
all-rounders of the older age category at the general 
preparatory stage, it can be seen that the indicators of young 
men are lower by 11,18% and 33,54%, respectively. The level 
of total bilirubin in blood serum of all-rounders is significantly 
lower than that of sprinters by 33,65%. 

When considering the table values characterizing total 
protein, it can be noted that the average level of this indicator 
in blood serum of young men at the general preparatory stage 
is 75,85 g/l, which is 1,51% lower than that of male sprinters, 
equal to 77 g/l, and 3,34% lower than that of all-rounders. In 
turn, the level of total protein in blood serum of all-rounders is 
78,39 g/l. Moreover, all the results obtained are within the 
normal range. The level of total protein in blood serum of 
adult sprinters is lower than that of all-rounders by 1,77%. 

As a rule, during physical exertion the concentration of 
lactic acid (lactate) in blood increases. Lactate is formed in the 
muscles when anaerobic glycolysis is activated. Since it 

rapidly diffuses into blood, the lactate level in blood reflects 
the rate of its synthesis in muscles. The level of lactic acid in 
blood at rest (1-2 mmol/l) and when performing moderate 
power work is small (2-4 mmol/l). While in intensive work at 
the level of exhaustion it can reach 15-20 mmol/l or more [7, 
8, 14]. 

An increase in the level of lactic acid in blood leads to a 
significant change in active medium reaction towards acid 
direction due to an increase in hydrogen ions concentration. 
Some hydrogen ions are bound by blood buffer systems 
(bicarbonate and haemoglobin). When the capacity of the 
buffer systems is exhausted, blood acidity increases, and 
uncompensated acidosis develops. The pH value can change 
from 7,4 at rest to 7,0-6,9 at extreme physical exertion [4, 5]. 

In accordance with the table data, the average indicator of 
lactic acid level in blood of the group of young men after 
physical exertion at the general preparatory stage corresponds 
to the indicators of intensive work. 

It should be noted that during physical work speedskaters 
may experience an increase in levels of catecholamines 
(adrenaline and norepinephrine), cortisol, growth hormone 
(STH), thyroxine and other hormones in blood serum. The 
degree of these changes also depends on the nature of physical 
exertion, an athlete’s fitness and specific working conditions 
[11]. 

The levels of thyroid stimulating hormone (TSH), 
testosterone and cortisol in blood serum of young men, 
sprinters and all-rounders at the general preparatory stage is 
presented in the Table 3. 

TABLE III. SOME BIOCHEMICAL INDICATORS (HORMONES) OF BLOOD SERUM 

OF SPEEDSKATERS BELONGING TO “MEN” CATEGORY, AFTER PHYSICAL 

EXERTION AT THE GENERAL PREPARATORY STAGE (N = 31) 

When analysing these data, it can be seen that the average 
TSH level in blood serum of young men at the general 
preparatory stage is 1,46 mU/l. For sprinters, this indicator is 
2,14 mU/l. In turn, the TSH level in blood serum of all-
rounders is 1,86 mU/l. The results obtained are within the 
normal range. 

When comparing the levels of TSH in blood serum of 
young men with that of sprinters at the general preparatory 
stage, it can be seen that the values of young men are lower by 
46,57%. In case of comparing the indicators of young men 
with adult male all-rounders, the indicators also turn out to be 
lower, yet by 27,39%. The level of TSH in blood serum of 
sprinters is higher than that of all-rounders by 15,05%. 

Indicators 
Reference 

values 

General preparatory stage, 

Xaverage±m 

Sprinters 

(n=16) 

All-rounders 

(n=15) 

Thyroid-stimulating 

hormone (mU/l) 
0,23-3,4 

2,14±0,597 1,86±0,453 

Testosterone 
(nmol/l) 

12,1-38,3 
18,56±2,801 22,04±3,389 

Cortisol (nmol/l) 150-660 588,40±34,872 618,08±115,678 
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The average results of the testosterone level in blood 
serum at the general preparatory stage in the study groups are 
within the established normal limits. The average level of the 
testosterone in blood serum of the group of young men at the 
general preparatory stage is 16,43 nmol/l. As for adult 
sprinters, this parameter is 18,56 nmol/l. The level of 
testosterone in blood serum of all-rounders is at the level of 
22,04 nmol/l. When comparing the testosterone level in blood 
serum of young men with that of sprinters and all-rounders at 
the general preparatory stage, it can be seen that for young 
men the indicators are lower by 12,75% and 34,14%, 
respectively. The level of testosterone in blood serum of 
sprinters is lower than that of all-rounders by 15,78%. 

The level of cortisol in blood serum at the general 
preparatory stage of all the study groups is within the 
established limits of the norm. The average level of cortisol in 
blood serum of the group of young men at the general 
preparatory stage is 389,84 nmol/l. As for adult sprinters, this 
parameter is 588,40 nmol/l. The level of cortisol in blood 
serum of all-rounders is at the level of 618,08 nmol/l. When 
comparing the indicators of cortisol level in blood serum of 
young men with those of adult male sprinters and all-rounders 
at the general preparatory stage, it can be seen that for young 
men the indicators are lower by 50,3% and 58,54%, 
respectively. The level of cortisol in blood serum of sprinters 
is lower than that of all-rounders by 4,80% [7, 8, 14]. 

IV. CONCLUSIONS

The revealed indicators in biochemical blood analysis 
(glucose, creatinine, urea, total protein, lactic acid, hormones - 
TSH, cortisol, testosterone) of young speedskaters and adult 
men (sprinters and all-rounders) at the preparatory stage of a 
one-year macrocycle correspond to the established standards. 
The data obtained confirm the correctness of combining the 
chosen levels of physical activity in the training process of 
speedskaters of different qualifications. It is worth noting that 
the results are also used as a reference point for studying 
dynamics in both linked and non-linked samples. 
Consideration of this issue is under study in case of significant 
volumes and high intensity of training loads of speedskaters 
belonging to various qualifications and specializations in a 
one-year cycle, at the preparation for the main competitions of 
the season.  

As the study showed, with regular year-round loads, the 
athlete's body improves. Adaptation to physical activity is 
being formed as a result of bioenergy rearrangements. 
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