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Abstract
Objective of the study is to determine the feasibility of longitudinal metabolome analysis of biological samples from elite ath-
letes to identify previously unknown and highly sensitive metabolic processes associated with long-term adaptation to intense
training.
Methods and structure of the study. To identify metabolic pathways associated with long-term adaptation to training in
elite athletes, a computerized search and analysis of relevant scientific publications describing the capabilities of longitudinal
metabolomic analysis of biological samples was performed. The search was conducted in the electronic scientific citation
databases PubMed, Scopus and Web of Science to identify relevant studies.
Results and conclusions. Careful planning of the pre-analytical phase (including selection of study participants, definition
of the analyzed sample, choice of methodology and approach to profiling) is the key to successful longitudinal metabolomic
analysis of biological fluids in professional athletes involved in a long-term training cycle. Using such opportunities allows iden-
tifying significant shifts in the functioning of the physiological systems of the body of the trainee (endocrine, cardiovascular,
oxygen transport system, energy metabolism at the cellular level), which are reflected in the metabolomic profile of the studied
biological fluid.
Systematic multi-month training forms a specific phenotype of a highly qualified athlete, determined by his individual ability to
adapt and having a unique metabolomic expression. Longitudinal metabolomic analysis of biological fluids provides informa-
tion necessary for an in-depth study of the mechanisms of long-term adaptive changes occurring in the body of professional
athletes.

Keywords: training loads, long-term adaptation, metabolic profiling, functional state, qualified athletes, mechanisms of ad-
aptation processes.

Introduction. Physical activity, as an external stim-
ulus, leads to an immediate response of the body to its
impact. In turn, metabolites, being substrates and end
products of cellular metabolism, directly reflect the
cellular activity of the body, and their concentrations
react to minor disturbances in cellular homeostasis
caused by physical activity [4, 1]. Sports metabo-
lomics, as an "omics" direction of sports biochemistry,
evaluates and studies changes in the content of low-
molecular compounds (up to 1.5 kDa) in biological flu-
ids of athletes under the influence of physical activity
in order to identify metabolic pathways and biomark-
ers associated with changes in the functional state of
the athlete's body [2]. Today, the following tasks are
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successfully solved based on the metabolomic ap-
proach [10,14,5]:

— identification of biomarkers characterizing the
level of general fitness of an athlete and allowing to
evaluate the effectiveness of training programs and
the quality of recovery processes;

— identification of biomarkers that allow reliable
identification of the discrepancy between training
loads and the functional capabilities of an athlete
and to detect the risk of overtraining at early stag-
es.

However, despite the large number of works aimed
at solving the above problems, only a few of them are
devoted to the use of longitudinal metabolomic pro-
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filing of biological fluids (hereinafter referred to as
LMPB) of qualified athletes to identify new metabolic
pathways that are highly sensitive to functional shifts
and associated with long-term adaptation to training
loads.

Objective of the study is to identify the poten-
tial of longitudinal metabolomic profiling of biological
fluids of qualified athletes to identify new metabolic
pathways that are highly sensitive to functional shifts
and associated with long-term adaptation to training
loads.

Methods and structure of the study. A comput-
erized search for relevant articles reflecting the results
of studies on the LMPB of qualified athletes was con-
ducted using the electronic scientific citation databas-
es PubMed, Scopus and Web of Science. The search
time frame was five years (from January 2020 to Janu-
ary 2025). Only works with an experiment duration of
at least 12 weeks were considered.

Results and conclusions. As a result of a com-
puterized search for the keywords "metabolomics
and sports”, 858 articles were found. Works with
an experiment duration of less than 12 weeks were
excluded for further consideration. Only scientific
materials in which qualified athletes participated (at
least five years of experience) were analyzed. Thus,
nine articles met the criteria we established. Table 1
presents data on the analyzed objects, the methods
used and the strategies of metabolomic profiling in
these works.

Most studies used single stress testing or short
periods of training exposure. Table 1 shows the lack

of uniformity in the choice of objects to be analyzed
when conducting the LMPBZh of qualified athletes.
In the studies [8, 6, 15, 9], despite the invasiveness
of the biomaterial selection procedure, the object
of metabolomic profiling was blood, since it con-
tains all the molecules secreted or excreted by the
body's tissues. In the studies [13, 12, 11, 3], urine
was chosen as the object of study due to the non-
invasive method of collection and low requirements
for sample storage, however, the high bacterial con-
tent in combination with the elevated transportation
temperature can lead to a noticeable distortion of its
composition.

Only in two studies [7, 9] saliva was used as the
LMPBZh object of study. Despite the non-invasive-
ness of the selection procedure and the wide spec-
trum of low-molecular metabolites present in saliva,
the main disadvantage of this research object is the
ultra-low content of metabolites (several picograms
per milliliter). In this context, the choice of the ob-
ject under study is of fundamental importance when
conducting LMPBS. When choosing a profiling
method, there is a virtually uniform view on its im-
plementation.

Eight studies [8, 13, 12, 11, 6, 3, 15, 9] used liquid
chromatography-mass spectrometry with electro-
spray ionization (HPLC-MS), which allows identify-
ing thermolabile and polar molecules of metabolites
present in ultra-small quantities in complex biologi-
cal matrices. The use of gas chromatography-mass
spectrometry (GC-MS) for metabolomic profiling [7,
9] is advisable due to the possibility of identifying

Table 1. Research objects, methods and strategies of metabolomic profiling in the selected scientific publica-

tions
Sport / Group | Object | Period Method Strategy Authors

Weightlifting (12 men), middle, long and marathon | blood 1 year HPLC-MS/MS target [8]

distance running (10 men), control group (12 men)

Football (41 men) urine 10 HPLC-MS/MS | non-targeted [13]
months

Basketball (10 men, 10 women), control groups (10 | saliva | 12 weeks GC-MS target [7]

men, 10 women)

Football (23 men, 28 women) urine 11 HPLC-MS/MS target [12]
months

Football (134 men) urine 11 HPLC-MS/MS | non-targeted [11]
months

Football (42 men) blood |6 months | HPLC-MS/MS target [6]

Football (24 women) urine 2 years HPLC-MS/MS target [3]

American Football (23 men) blood |9 months | HPLC-MS/MS | non-targeted [15]

Basketball (10 men, 10 women), control group (10 | blood, | 12weeks | GC-MS, HPLC- target [9]

men, 10 women) saliva MS/MS
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metabolites using libraries containing mass spectra
of several hundred thousand compounds and the
absence of matrix effects. However, the need for an
additional derivatization stage at the sample prepara-
tion stage complicates large-scale studies using this
method. In studies [8, 13, 11, 15], scientists used a
non-targeted strategy of metabolomic profiling. It is
important to note the transition from the non-target-
ed [13, 11] to the targeted strategy [12, 3] of the Ro-
das group, confirming the need for verification and
validation of the identified markers after using the
non-targeted strategy.

The principle of the latter is to conduct a "pano-
ramic” metabolomic study aimed at detecting, iden-
tifying and semi-quantitatively determining the max-
imum number of metabolites in biological samples
without a pre-formulated biological hypothesis. The
target strategy is used to identify and quantify me-
tabolites associated with the biological processes/
pathways under study that characterize the biologi-
cal function of interest. Multivariate statistics meth-
ods were used to process the obtained data in all
studies.

Regular performance of specific and high-intensi-
ty, high-volume loads over several years leads to the
regulation of mitochondrial energy metabolism, ami-
no acid metabolism, fatty acid oxidation, and cellular
signaling [8]. A “metabolic trace” associated with the
metabolism of tryptophan, purine, phenylalanine, ty-
rosine, a number of steroid hormones, histidine, me-
thionine, and cysteine has been identified [13, 12, 11,
3]. Increased regulation of glutathione metabolism in
basketball players has been revealed for the first time,
indicating a significant role of antioxidant protection in
the long-term adaptation of athletes in team sports to
training loads [7, 9].

Attention to preanalytical aspects (formation of a
group of subjects, the analyzed object, the choice
of the method and profiling strategy) determines
the capabilities of the LMPBZh of qualified athletes
participating in a multi-month training process. The
implementation of these capabilities affects the
potential for detecting significant changes in the
functioning of the body systems (endocrine, cardio-
vascular, oxygen transport, energy supply of intra-
cellular metabolism) of a qualified athlete, reflected
in the metabolomic profile of the analyzed biological
fluid.

Conclusions. Regular training for several months
leads to the development of a characteristic pheno-
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type of a qualified athlete in accordance with his adap-
tation potential, which has an individual "metabolomic
trace". LMPBZh provides an opportunity to obtain data
necessary for a deep understanding of the mecha-
nisms of long-term adaptation processes occurring in
the athlete's body. Funding

The work was carried out within the frame-
work of the state assignment of the Federal State
Budgetary Institution Federal Scientific Center
of Physical Culture No. 777-00001-25 (topic No.
001-25/3).

References

1. Bondzhovanni T., Lakome M., Fanos V. Me-
tabolomika u sportsmenov, zanimayushhihsya
komandnymi vidami sporta: sovremennye znani-
ya, problemy i perspektivy na budushhee. Pro-
teomy. 2022. No. 10(3). P. 27.

2. Bragaczci N.L., Kajvan K., Chauachi A. Na puti
k sportomike: perehod ot sportivnoy genomiki k
sportivhoy postgenomike i metabolomike. Pers-
pektivy, vyzovy i perspektivy na budushhee. Spe-
cialist po sportivnoy fiziologii. 2020. No. 15(9).
Pp. 1201-1202.

3. Gonsales Dzh.R., Kaseres A., Ferrer E. Prognoz-
irovanie travm u elitnyh futbolistok s pomosh-
hyu globalnoy sistemy pozicionirovaniya i dan-
nyh multiomiki. Int. J. Sports Physiol. 2024. No.
19(7). Pp. 661-669.

4. Dzhaguri A., Al Tani A.A., Elrajess M.A. Metabo-
lizm fizicheskih uprazhneniy: vliyanie na zdor-
ove i rabotosposobnost. Metabolity. 2023. No.
13(6). P. 694.

5. Horamipur K., Sandbakk O., Keshteli A.X. Me-
tabolomika v fizicheskih uprazhneniyah i sporte:
sistematicheskiy obzor. Sportivhaya medicina.
2022. No. 52(83). Pp. 547-5883.

6. Ksiazek A., Zagrodna A., Lombardi G. Sezonnye
izmeneniya sootnosheniya svobodnogo 25-(0OH)
D i metabolitov vitamina D i ih svyaz s markera-
mi psihofizicheskogo stressa u professionalnyh
futbolistov muzhskogo pola. Physiol. 2023. No.
14:1258678.

7. Luti S., Militello R., Pinto G. Postoyannye tre-
nirovki vyzyvayut metabolicheskuyu i proteom-
nuyu reakciyu u basketbolistov muzhskogo i
zhenskogo pola: izmeneniya v slyunootdeleniy
vo vremya sezonnyh trenirovok. Zdravoohranenie
(Bazel). 2023. No. 11(2). P. 241.




(%> ) PHYSIOLOGY OF SPORTS

Parstorfer M., Poshhet G., Kronshtejner D. Ce-
lenapravlennaya metabolomika v sporte vysshih
dostizheniy: razlichiya mezhdu metabolicheskim
profilem v sostoyanii pokoya u sportsmenov, tre-
niruyushhihsya na vynoslivost i silu, po sravneni-
yu s liczami, vedushhimi malopodvizhnyy obraz
zhizni, v techenie trenirovochnogo goda. Metab-
olity. 2023. No. 13(7). P. 833.

Pinto G., Militello R., Amoresano A. Vzaimosvyaz
mezhdu polom i adaptaciey k fizicheskim nagru-
zkam u molodyh sportsmenov: pilotnoe issle-
dovanie. Zdravoohranenie (Bazel). 2022. No.
10(2). P. 358.

. Ci S., Li X., Yu Dzh. Nauchnye dostizheniya v
oblasti primeneniya metabolomiki v nauke o
fizicheskih uprazhneniyah. Fiziol. 2024. No.
14:1332104.

. Kvint G., Reche X., Sandzhuan-Xerraez Dzh.D.
Metabolomnyy analiz mochi dlya monitoringa
vnutrenney nagruzki u professionalnyh futbolis-
tov. Metabolomika. 2020. No. 16(4). P. 45.

. Rodas G., Ferrer E"., Reche X. Celenapravlennyy

metabolicheskiy analiz futbolistov i ego svyaz s
nagruzkoy igrokov: sravnenie profiley zhenshhin
i muzhchin. Fiziol. 2022. No. 13:923608.

. Rodas G., Ferrer E., Sandzhuan Dzh. D. UPLC-

MS i mnogomernyy analiz vyyavlyayut adap-
taciyu metabolicheskih putey k trenirovkam u
professionalnyh futbolistov. Talanta. 2025. No.
291:127898.

. Shranner D., Kastenmyuller G., Shonfelder M.

Izmeneniya koncentracii metabolitov v organ-
izme cheloveka posle fizicheskoy nagruzki:
sistematicheskiy obzor issledovaniy po metab-
olomike fizicheskih nagruzok. Sportivhaya me-
dicina. 2020. No. 6(1). P. 11.

. Vike N.L., Bari S., Steciv K. Metabolicheskaya

reakciya na uchastie v studencheskom futbole:
analiz do i posle sezona. Sci Rep. 2022. No.
12(1):3091.

Theory and Practice of Physical Culture | tpfk.ru | July I No 7-2025



