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Dynamics of homocysteine precursors and methylation
index in high-class biathletes at the stages
of the preparatory period of the annual cycle
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Abstract

Objective of the study was to identify the dynamics of S-adenosylmethionine, S-adenosylhomocysteine and methylation
index in high-class biathletes at the stages of the preparatory period of the annual cycle.

Methods and structure of the study. Participants in the experiment are athletes of the Russian national biathlon team
(n=23). Quantitative analysis of homocysteine precursors in blood samples of study participants was performed on an
ultrafast liquid chromatography-mass spectrometer with triple quadrupole LCMS-8060 (Shimadzu, Japan).

Results and conclusions. The features of the dynamics of the concentrations of homocysteine precursors and the
methylation index were studied within the preparatory period of the annual cycle of high-class biathletes. At the stages of
the preparatory period of different orientation, intensity and specificity of the preparation means used, the frequency of
occurrence of cases of a reduced level of the methylation index was revealed: at the general preparatory stage — 14,52%, at
the special preparatory stage — 32,26%, at the pre-competition stage — 5,00%. It was established that the decrease in the
methylation index during the training period under consideration is due to a shift in the direction of training loads towards

high-intensity motor modes.
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Introduction. Various physical exercises induce
changes in circulating inflammatory RNAs and mi-
croRNAs previously proposed as biomarkers of heart
disease [2]. Several studies have reported elevated
levels of homocysteine (Hcy) in the blood of athletes
in endurance sports [5, 7], which were negatively cor-
related with work time [3]. At the same time, there is
no consensus regarding the effect of regular physi-
cal exercise on Hcy content due to the high variability
of loads used by athletes in the annual training cycle,
which differ in intensity, duration and modes of muscle
work.

Hcy is a non-protein sulfur-containing amino acid,
the increased concentration of which in plasma is a
risk factor for cardiovascular diseases (CVD) caused
by endothelial dysfunction, oxidative stress mecha-
nisms and inflammatory vascular processes [5]. Hecy is
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also associated with one-carbon metabolism and epi-
genetics through S-adenosylmethionine-dependent
(SAM) DNA methylation [6], the product of which is
S-adenosylhomocysteine (SAH), which can be trans-
formed to Hcy. The latter is converted into methio-
nine through the process of remethylation, followed
by potential conversion to SAM, thus completing the
methyl donor cycle. High bioavailability of SAM is nec-
essary for the synthesis of methyl compounds spent
during training for recovery (DNA, adrenaline, ace-
tylcholine, carnitine, creatine) [4] and the synthesis
of creatine phosphate, an energy source for muscle
contraction [10]. SAH and its hydrolysis product, Hcy,
are biological inhibitors of transmethylation. Because
of this tightly coupled metabolism, biochemistry and
medicine have considered SAM, SAH, and their ratio
as an indicator of cellular methylation potential or ca-
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pacity index [8] and have proposed their use as sensi-
tive markers for CVD prognosis [10]. At the same time,
studies aimed at studying the influence of high-inten-
sity physical activity performed by athletes as part of
the training process on the dynamics of the levels of
Hcy precursors and the methylation index have not
been previously conducted.

Objective of the study was to identify the dynamics
of SAM, SAH and the methylation index in high-class
athletes specializing in CVS (using the example of bi-
athlon) at the stages of the preparatory period.

Methods and structure of the study. The experiment
involved 23 athletes undergoing centralized training
as part of the Russian men’'s national biathlon team
(age — 25,29+3,20 years; body weight — 76,02+7,60
kg; body length — 179,5+6,7 cm; relative content of
muscle and fat mass, respectively, 51,58+1,59% and
9,45%1,45%; MIC per kg of body weight — 69,61%6,65
ml/min/kg. ). All participants were healthy; at least 24
hours before the examination, they were prohibited
from performing developmental loads of a cyclic and
strength nature. The study was approved by the eth-
ics committee of the Federal Scientific Center VNIIFK
(protocol No. 2 of April 1, 2021) and was conducted in
accordance with the Declaration of Helsinki. The work
was carried out within the framework of the state as-
signment of the Federal Scientific Center VNIIFK No.
777-00001-24 (subject code No. 001-22/3).

Biochemical control was carried out at the stages
of the preparatory period of the annual training cycles
of athletes 2021-2023. Quantitative analysis of SAM
and SAH in plasma was performed on an ultrafast lig-
uid chromatography mass spectrometer with triple
quadrupole and external heated flow electrospray ion-
ization source LCMS-8060 (Shimadzu, Japan).

Results of the study and discussion. The average
SAM concentration calculated at the stages of the
preparatory period was in the range of 38,54+5,84
ng/ml, which corresponds to the physiological norm
for healthy untrained individuals [1]. Statistical analy-
sis did not reveal significant differences between the
levels of SAM concentration in the plasma of highly
qualified biathletes within the stages of the prepara-
tory period.

In the dynamics of SAH concentration on average
for the group of biathletes during the training period
under consideration, a more pronounced wave-like
character was noted. The average group concentra-
tion of SAH at the end of the general preparatory stage
(GPE) had a slight tendency to decrease, but did not

reach a significant value. At the beginning of the spe-
cial preparatory stage (SPE) (in July), its value was the
highest for the entire period and significantly higher
than at the previous stage of preparation (April-June)
and the pre-competition stage (PSE) (p<0,05). There
was also a significant (p<0,05) increase in SAH dur-
ing preparation for the SPE. When moving from SPE to
PSE, the concentration of SAH decreased, but only at
the trend level (p>0,05). On average for the group, the
methylation index at the beginning of the SPE (July)
was significantly lower than the same parameter at
the SPE and PSE (p<0,05), while no significant differ-
ences were found within the SPE itself (p>0,05). The
methylation index in the middle of the EPE (August)
was significantly lower relative to the values measured
at the end of the EPE (June) and at the ESE (October)
(p<0,05).

As part of the OPE of the annual cycles under
consideration, athletes performed physical ex-
ercises mainly in a low-speed motor mode under
normoxic conditions. Starting from the second half
of the stage (from June), the specificity of the ex-
ercises gradually increased, determined by the de-
gree of their similarity to the competitive movement
in the mode of muscle work, and the proportion of
exercises simulating individual phases of the com-
petitive movement and performed with increased in-
tensity of muscle effort increased. During the SPE,
the specificity of the muscle work mode in exercises
biomechanically similar to competitive exercises in-
creased even more: from low-speed, high-intensity
to high-speed, high-intensity modes, simulating
competitive and super-competitive motor modes of
muscle work. In September, the final month of SPE,
the intensity of the muscle work regime reached its
maximum, with high-intensity exercises performed
under hypoxic conditions.

The identified features of the dynamics of SAH con-
centration and methylation index in biathletes in terms
of the training loads performed, differing in the modes
of muscle work, allow us to conclude that the use of
variants of low-speed modes of work — low-intensity
and high-intensity — in the OPE does not entail a de-
crease in the functional capabilities of the cardiovas-
cular system. A shift in the direction of training loads
towards high-intensity motor modes, characteristic of
SPE, leads to an increase in SAH concentration and a
decrease in the methylation index.

Previous studies have found that a decrease in the
methylation index to 4,4 and below is associated with
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oxidative stress and impaired endothelial nitric oxide
synthesis [9]. Using this criterion as a grouping vari-
able when conducting frequency analysis in our pilot
study, it was possible to identify differences between
the stages of the preparatory period in the frequency
of occurrence of cases of decreased methylation in-
dex in this group of biathletes: in the OPE — 14,52%, in
the SPE - 32,26% , on PSE - 5,00%. Taken together,
the features of the dynamics of the methylation index
identified in the study with changes in the direction
and intensity of the load at the stages of preparation
allow us to consider this indicator as one of the mark-
ers of the functional state of the CVS of athletes of the
central nervous system.

A decrease in the cardiorespiratory performance of
athletes with a shift in the direction of training loads
could theoretically be associated with the accumula-
tion of SAH. By causing feedback inhibition of SAM-
dependent methyltransferases, an increase in SAH
concentration can affect the pattern of DNA methyla-
tion and gene expression, as well as induce apoptosis
in endothelial cells [11], contributing to a decrease in
the functionality of the cardiovascular system under
the influence of high-intensity cyclic loads localized in
this area. preparation stage.

Conclusions. For the first time, a quantitative
determination of the concentrations of SAM and
SAH in the plasma of high-class biathletes was car-
ried out, the methylation index was calculated, and
differences in the nature of the dynamics of indica-
tors of this complex were identified within the pre-
paratory period of the annual cycle. It has been es-
tablished that a decrease in the methylation index at
the stages of the preparatory period is associated
with a shift in the direction of training loads towards
high-intensity motor modes.
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