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Abstract.
Biochemical monitoring of the adaptation of 16-year-old water polo players to physical activity specific to this
kind of sport is of immense importance. The content and objectives of biochemical monitoring are enhanced due
to the fact that this cohort undergoes the second phase of puberty. Exercise regulation should be strictly dosed
according to the adaptive capabilities of young athletes. It is this phase of puberty that is sensitive to the
development of such a physical quality as strength. The sport training has a positive influence only in the
absence of stress response of the body of adolescent athletes. At the same time, physical activity should promote
the development of physical qualities. This article proposes a scheme of biochemical monitoring of a standard
training of 16-year-old water polo players on land and in water. Based on the results of performed analysis we
have come to the conclusion that the training regimen in both cases promotes the development of anaerobic
characteristics. In particular, to a greater extent in the pool (according to the data from lactic acid excretion).
The results of urea excretion showed better development of aerobic characteristics on land. In general, the
energy quality of training activities (in terms of inorganic phosphorus excretion) was approximately the same
under conditions of their performance both on land and in the pool. It is also important to observe the absence of
a difference between the parameters of inorganic phosphorus after exercise compared to the state of relative rest.
This energy situation of young athletes’ bodies indicates their approach to the state of energy systems of adults.
Thus, we conclude that the training process is adequate for 16-year-old athletes. This is indicated by shifts in
biochemical markers of adaptation to training loads of both anaerobic and aerobic energy systems of the studied
young water polo players. Therefore, the proposed scheme of biochemical monitoring can be offered as a model
example of control over the adaptive changes of 16-year-old water polo players during their annual training
cycle.
Key words: biochemical monitoring, lactic acid, urea, inorganic phosphorus, 16-year-old water polo
players, training regimen, anaerobic and aerobic adaptation of energy systems.
Introduction.
The physical qualities of a person, which are manifested during muscular work (strength, types of
speed, agility, endurance, etc.), first of all depend on the biochemical characteristics of a person in the
conversion of chemical energy into mechanical energy. The study of the adaptive capabilities of energy systems
of the athlete's body in order to further improve sportsmanship, expand functional reserves and maintain health is
an urgent problem of long-term sports training. From the viewpoint of biochemistry, the most important factor
determining it is the mobility, capacity, volume, and efficiency of both aerobic and anaerobic (alactic and lactic)
energy supply mechanisms. (Hofman P. et al, 1994, Sybil M. H. et al, 2004, Pervachuk, R. V. et al, 2015,
Drachuk S. P., 2005)
It follows that in order to improve physical qualities and, consequently, to increase sports results, it is
necessary to improve both ways of energy productivity. It is known that purposeful improvement of aerobic and
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--------------------------------------------------------------------------------------------------------------------------------------anaerobic components of energy supply can be carried out by means of various modes of physical training.
(Kalinskii M.I. et al, 1986, Sybil M.G., 1996, Platonov V.N., 2004). However, the problem of improving both
aerobic and anaerobic pathways of ATP resynthesis by exercising cannot be considered solved in water polo,
especially for adolescents. Until now, the issue of regulation of physical activity depending on the functional
readiness of the body and the issue of the most effective biochemical rapid control of this process remains
controversial and insufficiently studied. (Astrand P.O., 1992, Sibil M. G., Ostrovskii M.V., 2005, Pervachuk, R.
et al, 2016, Dennis C. et al, 1995, De Jesus K. et al, 2012, Cvjeticanin S. et al, 2012)
Cohort group – 16-year-old water polo players in the second phase of puberty. This is the most difficult
period of human formation in general, and an athlete in particular. Since, on the one hand, sports activities
promote physical development and the manifestation of physical qualities. On the other hand, constant physical
activity is an additional burden on the body during puberty. Thus, biochemical control of adaptation to physical
activity becomes especially relevant. (Poproshaev O. V., Polishchuk T. V., 2006, Mykola Chaplins'kyy et al,
2018) All these data are based mainly on scientific ideas about the age and the order of formation of different
energy supply systems. (Korobeinikov G. V., Dudnik O.K., 2008, Mokhan R. et al, 2001) Various biochemical
markers of response to physical activity have long been used to track the state of development of adaptive energy
capabilities of athletes. Namely, creatinine, lactic acid, urea, inorganic phosphorus, etc. (Sybil M.H. et al, 2004).
Scientific sources do not sufficiently cover the question of the peculiarities of the impact of different
training regimens on the aerobic and anaerobic performance of 16-year-old water polo players. Therefore, the
problem of developing training programs, combined with a scheme of biochemical monitoring that would
stimulate the development of both aerobic and anaerobic – alactic and lactic energy supply systems without
harming the body of a young athlete. (Osipenko GA, 2007, Botonis, P. G. et al, 2019, 2021, Claus, G. M., 2017)
Materials and methods
Objective: Examination of the state of adaptation of energy systems of 16-year-old water polo players based on
the indicators of biochemical monitoring under the influence of training physical activity on land and in water.
Task: To determine the content of energy indicators (lactic acid, inorganic phosphorus, urea) in the urine of
water polo players before and after two hours of training and exercises in a pool.
Organization of the study.
15 water polo athletes aged 16 participated in the monitoring. Urine collection for lactic acid, inorganic
phosphorus, and urea was performed 15-30 minutes before training and 15-30 minutes after training. In addition
to training, which lasted two hours, a specialized load for this kind of sport was also used– a one-hour session in
the pool.
Research methods.
Quantitative evaluation of inorganic phosphorus in urine by the Bell-Doisy-Briggs’ method;
Quantitative evaluation of urea content in urine by diacetylmonoxide method according to the test of “Lachema”
company (Czech Republic); Quantitative evaluation of lactic acid excretion by Stromm’s method.
Statistical processing of experimental data.
Statistical processing of the obtained experimental results was carried out using the application software
package Excel. To compare the data about the content of energy indicators Student’s t-test was used.
Research results and their discussion.
Lactic acid is a product of the glycolytic mechanism of ATP resynthesis in skeletal muscle, which is
activated under conditions of intense exercise and in a hypoxic state of the body. After performing intensive
work, the level of lactic acid in the blood increases, and its excretion in the urine also increases. When
monitoring the effectiveness of the training process, it is advisable to determine the level of lactic acid excretion
after performing standard physical activity. A decrease in the content of lactic acid in the blood and a decrease in
its excretion in the urine from one stage of training to another indicates an increase in the level of training, and
its increase – its ineffectiveness. If high concentrations of lactic acid in the blood are detected after performing
the maximum work of submaximal capacity, it indicates a high level of training or increased metabolic capacity
of glycolysis and greater stability of glycolytic enzymes. (Sybil M. H. et al, 2004)
Thus, the change in the concentration of lactic acid in the blood after exercise depends on the training
level. Therefore, changes in its level in the blood and urinary excretion determine the degree of anaerobic
training level of the body and the depth of fatigue in the areas of maximal and submaximal relative work
capacity. (Kalinskii MI et al, 1986)
The results of the analysis of the level of lactic acid in the urine of athletes before and after training and
training in the pool are presented in Fig. 1.
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Fig.1 The level of lactic acid in the urine of water polo players at different types of loads
(*** - p≤0.999)
After two hours of training, we observe that the amount of lactic acid in the urine increases by a factor
of 3. This indicates the activation of the lactic anaerobic mechanism of athletes’ energy supply. Training in the
pool for one hour leads to an increase in the level of lactic acid in the urine of water polo players by 3.5 times.
These results indicate a more significant activation of anaerobic glycolysis under conditions of training in
conditions close to natural competitions of a playing format in water. The obtained data are reliable, the accuracy
of the difference is p ≤ 0. 999 in both cases.
Phosphates play a major role in the formation of high-energy compounds - adenosine triphosphate and
creatine phosphate, which are used as an energy source to support many physiological functions (muscle
contraction, nerve cell function, membrane transport processes, etc.). Phosphates are part of phospholipids of cell
membranes, phosphoproteins, nucleic acids, participate in the enzyme systems of the respiratory chain of
mitochondria. Thus, phosphorus is included in the intermediate metabolism of proteins, fats, carbohydrates,
oxygen metabolism, cell growth and division. (Sybil M. H. et al, 2004)
During physical activity, the excretion of inorganic phosphate in the urine increases. And the value of
this increase correlates with the value of physical activity. Thus, inorganic phosphate under these circumstances
mainly reflects the enhanced breakdown of ATP, which leads to an increase in its excretion in the urine.
Therefore, in the practice of biochemical monitoring in sports, this indicator is used as an indirect biochemical
marker of performed physical activity. (Sybil M.G., 1996)
The results of the analysis of the level of inorganic phosphate in the urine of athletes before and after
training and training in the pool are presented in Fig. 2.
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Fig.2 The level of inorganic phosphate in the urine of water polo players at different types of loads. (*p≤0.95)
Inorganic phosphorus is as an indicator of general energy changes in the body, used by us to establish
the difference between athletes’ energy expenditure before and after exercise under the influence of two hours of
training and exercises in the pool.
As it can be seen from Figure 2, training loads received during trainings do not lead to a significant
increase in the level of inorganic phosphate in the urine of athletes. According to the average levels of inorganic
phosphorus in the state before and after training on land, the data obtained almost do not differ, as evidenced by
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--------------------------------------------------------------------------------------------------------------------------------------the calculated indicator of coefficient of Student's paired t-test (p ≥ 0.95). Running competitions in the pool for
an hour leads to an increase in the amount of inorganic phosphorus in the urine of water polo players, which is
confirmed by the indicator of Student's paired t-test (p ≤0.95). Namely, if the catabolism of ATP is replaced at
the level of relative rest, it means that exercise stimulates its increased resynthesis during the training program.
In our case, we can say about the sufficient level of physical training level of all energy systems of 16-year-old
water polo players.
Urea characterizes the intensity of muscle protein breakdown and the level of amino acid deamination,
resulting in the formation of toxic ammonia, which is converted in the liver into non-toxic urea. From the liver,
urea enters the blood and is excreted in the urine. Subject to performance of long-term physical work due to
increased protein catabolism, urea excretion increases. In the sequence of involvement of different sources of
energy in energy metabolism, proteins occupy the last position. The body uses proteins as an energy source after
depletion of carbohydrates and significant lipid catabolism.
Therefore, in the practice of biochemical monitoring in sports, this indicator is used to assess the
athlete's undergone physical load. In other words, urea is a universal criterion to determine athlete’s fatigue due
to physical exercise. (Sybil M.G., 1996)
The results of the analysis of the urea level in the urine of athletes before and after training and
training in the pool are presented in Fig. 3.

Fig. 3 The level of urea in the urine of athletes before and after training and training in the pool (* p≤0.95).
The training of water polo players in the pool for an hour did not show changes in the urea level in the
urine of water polo players. On average, both samples are almost identical, the comparative analysis did not
reveal a significant difference (p≥0.95). Urea as an indicator of the aerobic path of the energy-supplied organism
is used in observations of athletes as a criterion of stress-response of the body to exercise. The absence of
changes in the level of this indicator before and after training in the pool proves that this type of training allows
the athlete to avoid stress-response. This once again confirms the high level of fitness of athletes and their high
qualification.
At the same time, physical activity received by athletes during a two-hour workout leads to a significant
increase in the urea level in the urine of water polo players (* -p≤0.95). This indicates that an intensity of the
training process stimulates the development of the aerobic component of the energy systems of the body of the
water polo player.
Discussion.
As a result of the established statistically significant difference in the indicators of inorganic
phosphorus, lactic acid and urea in the conditions of training on land and in the pool during the training of 16year-old water polo players, the scheme of biochemical monitoring follows.
Namely, the fact of using lactic acid as a criterion for adaptation to anaerobic exercise is obvious. While
urea is a product of protein catabolism, it is an indicator of the depth of the effect of training on aerobic
metabolism, as proteins are included in energy metabolism due to exercise after carbohydrates and fats.
Inorganic phosphorus, as a product of ATP hydrolysis, is a biomarker of the cost of muscular effort,
regardless of the path of ATP re-synthesis - anaerobic or aerobic.
Thus, as a result of biochemical monitoring of various training regimens (on land and in water) of 16year-old water polo players, the following was established:
28
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--------------------------------------------------------------------------------------------------------------------------------------1. In terms of lactic acid, training regimens both on land and in water contribute to the development of
anaerobic alactic component of energy supply, but to a greater extent within training in water.
2. In terms of urea in the urine, these exercises moderately contribute to the development of an aerobic
energy supply mechanism, adequate to the second phase of puberty of young athletes (without stress response)
and their intensity is higher during training on land.
3. In terms of inorganic phosphorus excretion, it is obvious that there is a balance between ATP
catabolism and its resynthesis, which is inherent in mature athletes, and therefore training loads, both on land
and in water, are adequate for 16-year-old water polo players.
Conclusion.
The proposed scheme of biochemical monitoring with the use of such biochemical markers as lactic
acid and urea is an adequate reflection of the course of adaptation changes of 16-year-old athletes during their
anaerobic and aerobic water polo training.
Biomarker of energy value of spent muscular effort – inorganic phosphorus is recommended for use as
a component of biochemical monitoring of adaptation of energy systems in general in order to prevent
exhaustion of the organism in the second phase of puberty.
This biochemical monitoring can be a model example of control over the adaptation of 16-year-old
water polo players in the process of their training.
References
Astrand P.O. (1992) Factors to be measured. In: Endurance in Sports, Oxford, Blackwell Scientific Publications,
189-191
Botonis, P. G., Arsoniadis, G. G., Platanou, T. I., & Toubekis, A. G. (2021). Heart rate recovery responses after
acute training load changes in top-class water polo players. European journal of sport science, 21(2),
158–165.
Botonis, P. G., Smilios, I., & Toubekis, A. G. (2021). Supercompensation in Elite Water Polo: Heart Rate
Variability and Perceived Recovery. Sports Medicine International Open, 5(02), E53-E58.
Botonis PG, Toubekis AG, Platanou TI. (2019) Physiological and tactical on-court demands of water polo.J
Strength Cond Res; 33, 3188-3199
Claus, G. M., Redkva, P. E., Brisola, G. M. P., Malta, E. S., de Poli, R. D. A. B., Miyagi, W. E., & Zagatto, A.
M. (2017). Beta-alanine supplementation improves throwing velocities in repeated sprint ability and 200m swimming performance in young water polo players. Pediatric exercise science, 29(2), 203-212.
Cvjeticanin S., Marinkovic D. (2012) Morphogenetic variability during selection of elite water polo players,
Journal of Sports Sciences, 9 (27), 941–947.
De Jesus K. (2012) Kinematic analysis of three water polo front crawl styles, Journal of Sports Sciences,. 30(7),
715–723.
Dennis C., Hawley A., Noakes D. (1995) Limits to the replacement of fluid, electrolytes and energy during
prolonged exercise, Sport Medicine, 3, 5-15.
DrachukS. P. (2005) Aerobnataanaerobnaproduktivnіstorganіzmuiunakіv 17-19 rokіvprizastosuvannі
rіznikhrezhimіvfіzichnikhnavantazhen, diss. nazdobuttianauk, stupeniakand. bіologіchnikhnauk:.
Vіnnitsia
Hofman P., Pokan R., Preidler K. (1994) Relationship between heart rate threshold, lactate turn point and
myocardial function, Int. J. Sport. Med, 5, 232-237.
Kalinskii M.I., Kurskii M.D., Osipenko A.A. (1986) Biokhimicheskie mekhanizmy adaptatsii pri myshenchnoi
deiatelnosti, K.: Vishcha shk.
Korobeinіkov G. V., Dudnіk O.K. (2008) Osoblivostі funktsіonalnikh stanіv sportsmenіv, Vіsnik
Dnіpropetrovskogo unіversitetu. Bіologіia. Ekologіia, - 16 (1), 119-123.
Mokhan R., Glesso M., Grinkhaff P.L (2001) Biokhimiia myshechnoi deiatelnosti i fizicheskoi trenirovki,
Olimpiiskaia literatura
Mykola Chaplins'kyy, Yuriy Briskin, Natalia Ostrov'ska, Oleh Sydorko, Maryan Ostrov'skyy, Maryan Pityn,
Maxim Polehoiko (2018) Evaluation of the training level of water polo swimming players (13-15 years
old),Journal of Physical Education and Sport, 18 Supplement issue 1 (48), 356- 362
Osipenko G.A (2007) Osnovi bіokhіmіi m'iazovoi dіialnostі, Olіmpіiska lіteratura
Platonov V. N. (2004) Sistema podgotovki sportsmenov v olimpiiskom sporte. Obshchaia teoriia i ee
prakticheskie prilozheniia: ucheb. dlia stud. vys. ucheb. zavedenii fiz. vospitaniia i sporta, Olimpiiskaia
literatura
Pervachuk, R., Zagura, F., Svishch, Ia. (2016). Osoblivostі pobudovi programi fіzichnoї pіdgotovki bortsіv
vіlnogo stiliu z urakhuvanniam domіnantnogo tipu energozabezpechennia. Sportivna nauka Ukrainy, (1),
9-16.
Pervachuk, R. V., Sibіl, M. G., & Chuev, A. Iu. (2015). Dіevіst’ programy spriamovanogo vplivu na okremі
komponenti anaerobnoї sistemi energozabezpechennia za kriterіem spetsіalnoy vitrivalostі
---------------------------------------------------------------------------------------------------------------------------JPES ® www.efsupit.ro

29

MARIA SYBIL, ROSTYSLAV PERVACHUK, YAROSLAV SVYSHCH, LILIYA SVYSHCH, ROMAN PETRYNA,
LESYA PETRYNA, MARYAN OSTROVSKY, OLEG SYDORKO, VIRA HASHCHYSHYN, OKSANA ILKIV

--------------------------------------------------------------------------------------------------------------------------------------kvalіfіkovanikh bortsіv vіlnogo stiliu. Physical education, sport and health culture in modern society, 2
(30), 147-154.
Poproshaev O. V., Polishchuk T. V. (2006) Dinamika prirostu pokaznikiv rivnia fizichnogo rozvitku u
vaterpolistiv 12-15 rokiv, Sportivna medicina, likuvalna fizkultura ta valeologia, Odessa, ONMU, 47-49.
Sibіl M. G., Ostrovskii M.V. (2005) Korektsіia silovoii pіdgotovki vaterpolіstіv za danimi bіokhіmіchnogo
monіtoringu, Olіmpіiskii sport і sport dlia vsіkh : tezi dop. IX Mіzhnar. nauk, konf., 872-875.
Sybil M.G. (1996) Vplyv sympato-adrenalovoii systemy na efektyvnist myazevoii roboty sportsmenok, cand.
diss., Lviv.
Sybil M. H., Ostrovskyi M. V, Svyshch Ya. S. (2004) Biokhimichnyi monitorynh za pidhotovkoiu yakosti
shvydkosti u kvalifikovanykh sportsmeniv. VIII Mezhdunarodnyi nauchnyi kongress «Sovremennyi sport
i sport dlya vsekh»,2, 457

30

---------------------------------------------------------------------------------------------------------------------------JPES ® www.efsupit.ro

