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Abstract
Objective of the study was to study the dynamics of changes in biochemical parameters in the blood of weightlifters and
to identify the magnitude and direction of individual changes in biochemical markers within the mesocycle of the training
process before and after participation in international competitions.
Methods and structure of the study. Biochemical control was carried out at the final stage of preparation for the Asian
Championships against the backdrop of peak training loads and immediately after participation in competitions. Weight-
lifters (8 women) (n=8), who were members of the national team of the Republic of Kazakhstan, took part in the study.
Control was carried out 4 and 2 weeks before participation in the championship and immediately after it.
Results and conclusions. During training, weightlifters successfully coped with high training loads with a pronounced
focus on activating the creatine phosphate mechanism for energy supply to muscle work. The majority of subjects were
characterized by low values of metabolic biomarkers, such as CPK and AST, which indicates a high level of adaptive
potential in athletes during the entire training period. Low levels of CPK and muscle tissue damage index had a positive
impact on the effectiveness of the training process of weightlifters and made it possible to achieve high rates of growth in
sports and technical indicators. As a result, the women's team performed successfully at the Asian Championships and
won 2 gold, 1 silver and 2 bronze medals.

Keywords: highly qualified weightlifters, creatinine, creatine phosphate mechanism of energy supply, creatine phospho-
kinase indicators, aspartate aminotransferase indicators, muscle tissue destruction index, mesocycle of the training pro-

cess, training load.

Introduction. In elite sports, an important problem
is the systematic search for effective means and meth-
ods of sports training, as well as the development of
new technologies and models of the training process.
To improve the quality of management of the training
process, means of objective monitoring of biochemi-
cal processes are often used, in particular those asso-
ciated with measuring the concentration of creatinine,
aspartate aminotransferase (AST), creatine phospho-
kinase (CPK) activity in the athlete’s blood [1, 2, 5, 7,
12, 13].

Objective of the study was to identify the dynam-
ics of changes in biochemical parameters in the blood
of weightlifters and to identify the magnitude and di-
rection of individual changes in biochemical markers

within the mesocycle of the training process before
and after participation in international competitions.

Methods and structure of the study. The study
involved highly qualified female weightlifters who were
members of the national team of the Republic of Ka-
zakhstan during the preparation for the Asian Weight-
lifting Championships. The athletes’ own weight and
level of sportsmanship in absolute values (points)
were determined using the coefficients of the Sinclair
table.

Laboratory examination of athletes to determine
biochemical markers in the blood was carried out dur-
ing the training camp, after intense physical activity,
a night’s rest (sleep), and the next morning, on an
empty stomach. Blood was drawn from the ulnar vein.
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Laboratory studies were performed on an automatic
biochemical express analyzer.

Laboratory analysis determined the values of cre-
atinine, unit of measurement umol/l and pmol/I/kg,
creatine phosphokinase (CPK), aspartate aminotrans-
ferase (AST), unit of measurement U/L, Unity/Litre,
units/liter, (u/l). The muscle tissue damage index (CPK
/AST) was determined. The mathematical and statisti-
cal analysis program SPSS was used to process the
data. During the analysis, the following statistical indi-
cators were determined: group average-M, standard
deviation-S. The significance of differences was de-
termined by Student’s t-test for dependent samples.
The subjects trained according to traditional programs
[8]. The training process took place in the conditions
of a training camp for the Asian Championship. Blood
sampling was carried out at the peak of athletic fit-
ness, 4 and 2 weeks before the main start, and the
third measurement was carried out immediately after
the completion of the competition.

Results of the study and discussion. Analysis of
the obtained empirical data on the value of one’s own
weight and personal result in the sum of double events
in glasses, as well as biochemical parameters showed
that the group average values of creatinine concen-
tration were M = 99.9 umol/l; S=10.83. The values
of creatinine per kg of weight were M=1.26 umol/l/
kg, S=0.34. The average group value of creatinine is
higher than the reference values [7], which may indi-
cate the high efficiency and focus of the training load
on developing the power of the creatine phosphate
mechanism for providing energy for muscle contrac-
tion. Calculations of the partial correlation coefficient
between creatinine per kg of weight and the level of
sportsmanship in absolute values, excluding the influ-
ence of one’s own body weight, have a significant re-
lationship - r=0.73 (p < 0.05).

CPK activity indicators in this group of subjects
were M =270.3 units/l; S=164.1. In almost all subjects,
CPK activity did not exceed physiological norms, and
the group average value was no more than 1.5 times
higher than the reference values [7]. Empirical data
suggests that the athletes managed to maintain a high
level of adaptive potential, which was the key to suc-
cessful performance at the Asian Championships. It
is important to note that in most subjects the muscle
tissue damage index (CPK /AST) was no more than
10, which indicates the absence of critical damage to
muscle fibers [7]. Great importance in the biochemi-
cal monitoring of athletes is given to the study of the
activity of intracellular transaminases - AST (diagnosis
of heart conditions) [1, 7]. The group average values
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of the activity of these enzymes in the subjects were
within the normal range [7].

The values of the obtained biochemical parameters
reflecting the concentration level of creatinine, creatine
phosphokinase (CPK), aspartate aminotransferase
(AST) in the blood of the subjects (absolute values) at
the beginning and end of the training mesocycle, as well
as the magnitude and direction of the group average
changes are presented in the table. The group aver-
age creatinine value is higher than the reference values
[7]. There is a significant increase in creatinine levels
against the background of peak loads for two weeks by
11.34 umol/I (p <0.05). At the same time, during the
systematic reduction of the training load two weeks be-
fore the start of the championship and during the pe-
riod of participation in competitions, the group average
creatinine values sharply decreased by 22.2 umol/I (p
<0.001). The empirical data obtained can indicate the
high sensitivity of the creatine phosphate mechanism
for providing the energy of muscle contraction to the
action of training loads of varying magnitude and direc-
tion. These facts are important to consider when con-
structing various sports training cycles in weightlifting.

As a result of the study, it was found that during
the mesocycle the dynamics of changes in the group
average biochemical parameters of creatine phos-
phokinase were statistically unreliable. The range of
CPK values among the subjects ranged from 132 to
544 U/L against the background of maximum loads.
These facts indicate an adequate individual reaction of
the body of female athletes to the impact of maximum
high training loads.

Such data may be evidence that in a large volume
of muscle mass there was no negative effect on the
recovery processes associated with inhibition of the
synthesis of “nucleic acids and proteins” [6], and this,
as a consequence, could have a positive effect on the
rate of increase in myofibril mass, which will directly
influence the overall effectiveness of the training pro-
cess according to such a criterion as the increase in
sports and technical indicators of athletes [9].

The results of the data obtained can be considered
as the boundary values of CPK, at which athletes will
achieve the highest rates of growth in sports results in
preparation for competitions.

An analysis of the scientific literature revealed that,
for example, among highly qualified athletes (men,
women) in orienteering, the CPK values averaged
475.74 units. at a norm of 473-483 units. [eleven]. In
comparison with the results of our studies, it is clear
that weightlifters have significantly lower CPK values
according to the results of all three measurements.
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Dynamics of changes in biochemical parameters in weightlifters during the period of maximum load before

the Asian Championships and immediately after the competition (n=8)

Statistical indicators

1st dimension

dimension 2nd

3rd dimension

reatinine pmol/I per kg body weight

M 1,14 1,26 0,99

S 0,38 0,34 0,32
Difference 0,12 -0,27

t 3,23 4,31

Creatinine pmol/I

M 88,5 99,9 77,7

S 10,67 10,83 9,06
Difference 11,34 -22,2

t 3,4 5,7

Creatine phosphokinase (CPK) units/I

M 227,75 270,3 243,1

S 66,81 164,1 120,65
Difference 42,5 -27,13

t 0,95 1,4

Aspartate aminotransferase (AST) units/I

M 20,81 23,4 21,49

S 8,05 8,0 5,29
Difference 2855 -1,87

t 3,44 1,29

Muscle tissue destruction index (CPK /AST) (MTDI)

M 11,72 11,95 11,95

S 4,02 7,6 6,5
Difference 0,23 0

t 0,12 0

Note: tvalue = 2.37; p<0.05; t = 3.50; p<0.01; t =5.41; p<0.001

It is important to note that in most subjects the mus-
cle tissue damage index (CPK/AST) was no higher than
10, which indicates the absence of critical damage to
muscle fibers [7]. The dynamics of MTDI indicators was
inthe range of 11.72-11.95. Aslightincrease in enzyme
activity may be associated with the absence of meta-
bolic stress and signs of overtraining [7].

Animportant result of the study is that at the experi-
mental level it was shown that it is possible to influence
the quantitative indicators of biomarkers within one
mesocycle through individual correction of the train-
ing load and, thereby, control intracellular processes
in muscle fibers, achieving the best balance between
destruction and synthesis “nucleic acids and proteins”
[6]. And this can be one of the significant factors that
determines the rate of increase in sports results, de-
termining the overall effectiveness of the entire sys-
tem of training athletes and successful performance
in important competitions.

The results of the study indicate that during train-
ing, weightlifters successfully coped with high train-
ing loads with a pronounced focus on activating the
creatine phosphate mechanism for energy supply to
muscle work.

The majority of subjects were characterized by
low values of metabolic biomarkers, such as CPK and
AST, which indicates a high level of adaptive potential
in athletes during the entire training period. Low levels
of CPK and muscle tissue damage index had a positive
impact on the effectiveness of the training process of
weightlifters, which made it possible to achieve high
rates of growth in sports and technical indicators. As
a result, the women’s team successfully performed
at the Asian Championships and won 2 gold, 1 silver
and 2 bronze medals. One participant was recognized
as the best athlete of the championship, and another
athlete became the winner of the Asian Championship
in the overall classification (according to the Sinclair
system). This athlete attempted to set a new world re-
cord in this exercise in the clean and jerk.

The greatest importance for diagnosing muscle tis-
sue damage is given to changes in the enzyme cre-
atine phosphokinase in the blood. Practice shows that
CPK values of more than 500 U/L may indicate under-
recovery of the athlete; more than 1000 U/L indicate
serious disorders in the body, significant damage to
myocytes, which can cause a decrease in the athlete’s
performance and increase the risk of injury [10]. The
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trainer can use the obtained laboratory information to
rationally structure the training process, establish opti-
mal recovery periods, as well as to assess the compli-
ance of physical activity with the functional state of the
body, timely identification of signs of overtraining and
overstrain of the musculoskeletal system.

To achieve a high training effect in weightlifting,
training loads should be performed short in time and
with high intensity. To achieve large volumes of high-
intensity training work, you should increase the num-
ber of workouts to two or three during the day. To
avoid the accumulation of excess lactate concentra-
tions, it is necessary to include periods of passive rest
for 15-20 minutes between exercises [12]. This time is
enough to reduce lactate by 50-60% [10]. Knowledge
of the laws of functioning and adaptation of the human
body to training loads of various types makes it possi-
ble to increase the effectiveness of training athletes at
all stages of the development of sports and technical
skills [11].

Conclusions. Biochemical control of creatinine
and creatine phosphokinase indicators is an informa-
tive indicator of the athletes’ body’s response to the
training load, and can be used to manage the educa-
tional and training process in weightlifting.

The results of the study indicate that during train-
ing, weightlifters successfully coped with high train-
ing loads with a pronounced focus on activating the
creatine phosphate mechanism for energy supply to
muscle work.

The majority of subjects were characterized by low
values of metabolic biomarkers, such as CPK and AST,
which indicates a high level of adaptive potential in
athletes during the entire training period. Low levels of
CPK and muscle tissue damage index had a positive
impact on the effectiveness of the training process of
weightlifters, which made it possible to achieve high
rates of growth in sports and technical indicators. As
a result, the women’s team performed successfully at
the Asian Championships and won two gold, one silver
and two bronze medals.

References

1. Menshikov V.V., Volkov N.l. [ed.]. Biokhimiya.
Uchebnik dlya institutov fizicheskoy kultury. M.:
Fizkultura i sport publ., 1986. 384 p.: ill.

2. Volkov N.I. Bioenergetika napryazhennoy my-
shechnoy deyatelnosti cheloveka i sposoby
povysheniya rabotosposobnosti sportsmenov.
Doct. diss. abstract (Biol.). M.: NIIF publ., 1990.
101 p.

hitp://www.tpfk.ru

10.

11.

12.

13.

Ivanov I.1., Korovkin B.F., Pinaev G.P. Biokhimiya
myshts. M.: Meditsina publ., 1977. 343 p.

Isaev A.P., Mamatov E.E., Savinykh E.Yu., Ne-
nasheva A.V. ntegrativhyy analiz funktsional-
nogo i metabolicheskogo sostoyaniya spor-
tivnykh oriyentirovshchikov vysokoy kvalifikatsii
v usloviyakh kontsentrirovannogo razvitiya loka-
Ino-regionalnoy myshechnoy  vynoslivosti.
Vestnik YUUrGU. Seriya «Obrazovaniye, zdra-
vookhraneniye, fizicheskaya kultura». 2014.
Vol. 14. No. 2. pp. 58-66.

Mikhailov S.S. Sportivhaya biokhimiya. Uchebnik
dlya vuzov i kolledzhey fizicheskoy kultury. 2nd
ed., add. M.: Sovetskiy sport publ., 2004. 220 p.
Meerson F.Z., Pshenichnikova M.G. Adaptatsiya
k stressovym situatsiyam i fizicheskim nagruz-
kam. M.: Meditsina publ., 1988. 256 p.
Radjabkadiev R.M. Biokhimicheskiye markery
adaptatsii  vysokokvalifitsirovannykh  sports-
menov Kk razlichnym fizicheskim nagruzkam.
Nauka i sport: sovremennyye tendentsii. 2019.
Vol. 7. No. 2. pp. 81-91.

Sivokhin I.P., Skotnikov V.F., Komarov O.Yu., Tap-
sir M., Fedorov A.l., Kalashnikov A.P. Effektivhost
trenirovochnoy nagruzki alaktatnoy napravien-
nosti v podgotovke elitnykh tyazheloatletov.
Teoriya i praktika fizicheskoy kultury. M. 2017.
No. 3. pp. 26-29.

Sivokhin I.P., Mardenova G.B., Andrushchishin
I.F., Mustafin S.K., Kenzhegulov A.R. Biokh-
imicheskiye pokazateli kreatinfosfokinazy u
tyazheloatletov sbornoy Kazakhstana. Teoriya i
metodika fizicheskoy kultury. No. 2 (60). 2020.
pp. 79-87.

Sivokhin I.P., Ageev O.V., Orekhov L.I., Khlystov
M.S., Ni A.G. Izmeneniye laktata na trenirovoch-
nuyu nagruzku v mikrotsikle podgotovki tyazh-
eloatletov. Teoriya i metodika fizicheskoy kultury:
nauchno-teoreticheskiy zhurnal. Almaty. 2012.
No. 2 (29). pp. 68-73.

Sivokhin I.P., Mardenova G.B., Ogienko N.A.,
Skotnikov V.F. Otsenka effektivnosti trenirovoch-
nogo protsessa tyazheloatletov s ispolzovaniyem
biokhimicheskikh markerov. Teoriya i praktika fi-
zicheskoy kultury. 2022. No. 5. pp. 55-58.
Seluyanov V.N. Podgotovka beguna na sredniye
distantsii. M.: SportAcademPress publ., 2001.
104 p.

Wilmore D.H., Costeel D.L. Fiziologiya sporta.
Kyiv: Olimpiyskaya literatura publ., 2001. 493 p.




