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Abstract

Objectives. Cobalt mimics the state of hypoxia to prevent degradation of the alpha subunit of
hypoxia-inducible factor, resulting in an increase in blood oxygen capacity and endurance. Athletes
can use this property to gain competitive advantage. Nowadays, direct methods of inductively
coupled plasma mass spectrometry and liquid chromatography-tandem mass spectrometry are
used to determine total cobalt levels in the body. However, the World Anti-Doping Agency is yet
to establish a maximum allowable threshold concentration of this element in biofluids. The lack of
clear identification criteria complicates the interpretation of the obtained results for the purposes
of doping control. In this regard, the present work proposes a new approach for the indirect
determination of possible cobalt abuse based on changes in the expression levels of miRNAs
involved in the regulation of hypoxia signaling pathways. Here, the aim is to identify possible
microRNA markers whose expression does not depend on exercise-induced hypoxia, but changes
markedly when taking cobalt preparations.

Methods. MicroRNA isolation was performed from blood plasma samples using the PAXgene
Blood miRNA Kit. Quantitative real-time polymerase chain reaction (PCR) was performed on
CFX96 Bio-Rad (USA) analyzer using miScript® SYBR® Green PCR Kits and panels for studying
the expression profiles of mature microRNAs of the hypoxia signaling pathway miScript® miRNA
PCR Array.
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Results. Based on the statistical analysis of the data, it was found that the expression of
hsa-miR-15b-5p in the blood plasma of the subjects does not depend on physical activity, but
increases when taking cobalt preparations.

Conclusions. The difference in expression levels during anaerobic exercise-induced hypoxia
and cobalt-induced hypoxia makes hsa-miR-15b-5p a potential candidate to be a marker of
erythropoiesis-stimulating agent abuse.
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AHHOMAuuUs

Ienu. Kobanem  umumupyem  COCMOSIHUE  2UNOKCUU, hpensmcmeyst  oOezpadayuu
anbga-cybveduHUYbL 2UNOKCUS--UHOYYUUPYEMO20 aKkmopa, umo npugooum K YeenuueHU
KUC/IOPOOHOU emMKoCmU Kpos8U U MOXKem UCNOAb308aMbCsl CNOPpMCMEeHaAMU 8 Kauecmee
donuHea Ons NOAYUeHUsT KOHKYpeHmMHblX npeumyuwiecms. Ha ce200HAWHUL MOMmeHm
onsi onpedesieHust obwezo Kobanbma 6 Op2aHu3Me UCNONbL3YMm npsmble memoodbl MACC-
cnekmpomempuu € UHOYKMUBHO C8S3GHHOU NAa3mMol, IKUOKOCMHOU Xxpomamozpagpuu-
MAaHOeMHOU Macc-cneKkmpomempuu, 00HAKO BcemupHbiM aHMUOONUH208bIM A2EHMCMEOM
He YCmaHoeleHd MAKCUMAIbHO O0ONYCmumask nopozoedst KOHUeHMpAayust 3mozo 3iemeHma
8 buoxuoxkocmsx. Omecymemeaue uemKux kKpumepue8 UOeHMUPUKAUUU OCN0IKHSiem uHmep-
npmayuro noayueHHulx pesysiomamos. B ceszu ¢ amum, 8 0aHHOU cmambe enepsgvle npedaa-
2aemcst N00x00 NO KOCBEHHOMY ONpedesleHUr) 803MOXKHbLX 30ynompebreHuli Kobanibmom Oas
uenetl 00NUH2-KOHMPOSl, OCHOBAHHDBLU HA U3MEHEeHUU YposHell sxcnpeccuu mukpoPHK, 3aodeii-
CMB0BAHHBLX 8 pe2YSAYUUU CUZHANIbHO20 nymu sunokcuu. Llenb uccnedogaHus 3akioUaNIACH 8
noucke 803MOXKHbLX MUuKpoPHK-maprepos, sKcnpeccust Komopblx He 3a8UCUm om 2UNnOKCUU,
8bl36AHHOU PU3UUECKUMU HAZPY3KAMU, HO 3AMEMHO U3MEHSIEMCS NPU npueme npenapamos
Kobanema.
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Memoodst. Bouidesnernue muxpoPHK u3z 06pasyo8 nidsmbl Kposu NposooUU NPU NOMOULU
Habopa PAXgene Blood miRNA Kit. KonuuecmgeHHYO NOJAUMEPA3HYIO UENHYH Pearyuro 8
pPeanvHoOM epemeHu npoeodunu Ha amnaugpuramope CFX96 Bio-Rad (CIIA) ¢ nomowbro
Habopos miScript® SYBR® Green PCR Kit u naHenell 0158 ucciedog8aHust npogpuneil sKcnpeccuu
3penvix mukpoPHK cuenanvHozo nymu eunokcuu Hypoxia Signaling Pathway miScript® miRNA
PCR Array.

Pesynemamul. Ha O0OCHO8BGHUU CMAMUCMUUECKO20 AHAAU3A OAHHbLX 6bL10 YCmMAaHO8AEHO,
umo srcnpeccust hsa-miR-15b-5p @ naazme Kposu uchblmyemblx He 3agucum om uauueckoil
Ha2pY3KU, HO 8o3pacmaem npu npueme npenapamos Kobaroma.

Bbleoodusl. PasHuua 8 YpogHsX 9KCNpeccul npu 2UnoKCUU, bl38aHHOU aHAIPOOHOU PusuUecKoll
Haepysroll, u umumayuell 2unoKcUlU 3a cuem npumeHeHust kobanrema denaem hsa-miR-15b-5p
NOMEHYUANIbHBIM NPEemMeHOEeHMOM HA POJib MapKepa 3a0ynompebrerHust OaHHbIM 3PUMPON0I3-

cmumysiupyrowium azeHmom.

Knroueesvie cnoea: robanoem, qPCR-RT, muxpoPHK, OonuHe-KOHMpPOb, CMUMYAIMOPbLL

apumponossa

Jna yumuposanusn: TloctaukoB I1.B., Papyc @.B., Edumona 10.A., Tlponunna M.B. OmpenencHue BO3MOXKHBIX
MukpoPHK-MapkepoB 3moynorpebiieHust npemnaparamu kobansra mMetogom I[P B peasbHOM BpeMEHH C HCHOJIB30BaHHUEM
MaHeJIed CUTHAJIBHOTO IyTH TUNOKCHUU. ToHkue xumuueckue mexnonoeuu. 2023;18(1):65-74. https://doi.org/10.32362/2410-

6593-2023-18-1-65-74

INTRODUCTION
Up wuntil the 1980s, cobalt(Il) compounds
were often wused to treat various forms of

anemia [1-3]. The mechanism of their action is
associated with the activation of the hypoxia-
inducible transcription factor (HIF), which leads to an
increase in the expression of the erythropoietin
(EPO) gene, a key regulator of the production
of red blood cells (erythrocytes), as well as an
increase in the oxygen capacity of the blood [4-6].
However, with a more detailed study of the serious
side effects resulting from the intake of large doses
of cobalt, which include acute poisoning, cardiac
arrhythmias and mental disorders, as well as
stimulation of carcinogenesis [7-10], their use for
clinical purposes tended to be replaced by epoetin
(recombinant human erythropoietin)-based  drugs
[11]. Despite this, some professional ahtletes continue
to use various cobalt-containing supplements and
even cobalt(Il) chloride suspension to improve
exercise tolerance and aerobic endurance, which can
provide a competitive advantage. Cobalt is included in

the World Anti-Doping Agency (WADA) Prohibited
List! and is classified as a “hypoxia-inducible factor
activator” in accordance with Article S2 “Peptide
Hormones, Growth Factors, Like Substances and
Mimetics.”

As of today, only a few anti-doping
laboratories ~ use  direct  methods  for  the
determination of cobalt: inductively coupled plasma
mass  spectrometry  (ICP-MS) [12-15], liquid
chromatography with tandem mass spectrometry
[16, 17], or a combination of them. However,
since the majority do not include these
approaches at all in their methodological arsenal,
the problem of revealing the fact of the abuse of
salts of this element as a doping agent remains.
In addition, WADA has not yet established the
maximum allowable threshold concentration of this
element in bioliquids or any identification criteria,
further complicating the interpretation of the results.

! WADA Prohibited List 2022. URL: https://www.wada-
ama.org/sites/default/files/resources/files/2022list_final
en.pdf. Accessed November 10, 2022.
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A number of works [15, 18, 19] use an approach
based on comparing the ratio of the level of
vitamin B12, an immunochemically measured
source of cobalt present in the body in its natural
state, in tandem with the concentration of total
cobalt as measured by ICP-MS. Despite the
possibility of wusing this promising approach to
indirectly detect the presence of cobalt salts in
the body, it is rather laborious for large-scale
screening studies. In addition, several scientific articles
are devoted to the study of erythropoietic effects
when taking low doses of inorganic cobalt [4, 20].
The program of the hematological module of the
athlete’s biological passport (ABP)’> permits the
indirect determination of possible manipulations
with blood and the fact of taking some erythropoiesis-
stimulating agents (ESA) due to a sharp increase
in hemoglobin concentration and a decrease in the
percentage of reticulocytes, as well as analysis of
a number of other parameters. However, it remains
impossible to establish whether the changes in
the blood are the result of high-altitude training of
athletes or the result of taking illegal preparations.

In connection with the above, there is a
need to develop a new analytical approach to
indirectly determine the abuse of cobalt salts based
on changes in microRNA expression profiles
as a result of taking drugs containing cobalt.
Such changes in the profiles of small non-coding
blood RNAs can act as earlier highly sensitive
markers of response to a physiological or pathological
stimulus than biochemical ones [21-24].

MATERIALS AND METHODS

Research samples

For the study, blood plasma samples were
taken from volunteers aged 22-35 years (n = 10)
leading an active lifestyle (control group), as well
as blood plasma from athletes participating in
a race-walking discipline (group 1) and blood
plasma from the same volunteers after taking the
dietary supplement Cobalt DS® (Dr. Skalny, Russia)
(group 2) for 20 days in an amount 4 times the
recommended dosage (1 tablet contains 200 mcg
of cobalt aspartate) after a meal. To obtain plasma,
samples of venous blood taken on an empty
stomach were centrifuged for 10 min at 20°C at a

2 WADA Athlete biological passport operating
guidelines. URL: https://www.wada-ama.org/sites/default/
files/resources/files/guidelines_abp v8 final.pdf.  Accessed
November 15, 2022.

speed of 1500 rpm in a Rotixa 50 RS centrifuge
(Hettich Zentrifugen, Germany). The entire plasma
volume was collected and frozen at —20°C until
analysis could be performed.

After being informed about the goals of the
experiment, volunteers provided written consent to
use their biological material for scientific purposes.
The study was carried out in accordance with the
principles contained in the Declaration of Helsinki?
and was approved by the local ethics committee
of the Moscow Scientific and Practical Center for
Medical Rehabilitation, Restorative and Sports
Medicine of the Moscow Health Department. Athletes’
blood plasma samples were taken in accordance
with  paragraph 5.3.12.2 of the International
Standard for Laboratories* and paragraph 6.3 of
the World Anti-Doping Code from the archive
of the laboratory. Volunteer blood samples were
taken according to the ABP sampling rules in
BD Vacutainer® Plus EDTA (K2EDTA) vacuum
tubes (Becton Dickinson, USA) for hematological
studies.

Isolation of miRNASs from blood plasma samples

MicroRNAs were isolated from 2 mL of plasma
using the PAXgene Blood miRNA Kit (PrednalytiX,
Switzerland) according to the manufacturer’s
protocol with some modifications. Changes to the
standard method were necessary due to the fact
that blood was collected not in specialized
PAXgene tubes (QIAGEN, Germany), but in BD
Vacutainer® Plus tubes (Becton Dickinson, USA).
The following modifications were used: 2 mL of
plasma was mixed with 2 mL of a denaturing
buffer solution (2.7 M guanidine thiocyanate, 1.3 M
ammonium thiocyanate, 100 mM sodium acetate,
5 mM EDTA, pH 4.0), incubated at 20-25°C
for 20 min, centrifuged for 10 min at 14000g,
the precipitate was washed twice with 2 mL of
deionized water. After the second washing, the
precipitate was dissolved in 350 pL of the BMI1
buffer solution from the above kit, then miRNAs
were isolated according to the manufacturer’s
protocol, miRNAs were washed off the columns
with two volumes of 40 uL of deionized water.

> Declaration of Helsinki of the World Medical
Association.  URL:  https://www.wma.net/policies-post/
wma-declaration-of-helsinki-ethical-principles-for-medical-
research-involving-human-subjects/. Accessed November 15,
2022.

4 International Standard for Laboratories URL: https://
www.wada-ama.org/sites/default/files/resources/files/
isl 2021.pdf. Accessed November 15, 2022.
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MicroRNA concentration was measured using
a Fluo 100 fluorimeter (Hangzhou Allsheng Instruments,
China) according to the instructions. The isolated
miRNA was stored at —20°C for further use.

Conducting reverse transcription and quantitative
polymerase chain reaction (PCR)

The reverse transcription reaction was carried
out using the miScript® II RT Kit (QIAGEN,
Germany) using 5xmiScript HiSpec Buffer according
to the manufacturer’s protocol on a C1000 Touch
Thermal Cycler (Bio-Rad, USA), 200 ng of miRNA
were taken for the reaction, the final volume of the
reaction mixture is 20 pL. The resulting cDNA was
stored at —20°C. Before performing quantitative PCR,
cDNA was diluted by adding 200 pL of deionized
water. Quantitative PCR with real-time detection was
performed on a CFX96 DNA amplifier (Bio-Rad, USA)
using miScript® SYBR® Green PCR Kits (QIAGEN,
Germany) and panels for studying the expression
profiles of mature miRNAs of the hypoxia signaling
pathway Hypoxia Signaling Pathway miScript®
miRNA PCR Array (QIAGEN, Germany). PCR
program: initiation 95°C, 15 min, 40 cycles (94°C — 15 s,
55°C — 30 s, 70°C — 30 s). Reverse transcription and
PCR controls and reference genes are included
in the panel.

Statistical processing of results

Statistical processing of the results was
performed using CFX Maestro Software (Bio-Rad,
USA) and GeneGlobe online software (QIAGEN,
Germany). The experimental data were combined
into one study. In the work, the normalized
miRNA  expression (ACt) was  determined;
normalization was performed for reference RNAs
contained in the used Hypoxia Signaling Pathway
miScript® miRNA PCR Array panel (QIAGEN,
Germany). According to the coefficients of variation
(CV) and geometric mean values (M-Value),
SNORD68 (CV  0.3690, M 0.8174), SNORD95
(CV 0.0282, M 0.5652), SNORD96a (CV 0.3951,
M 0.8783) were selected as references with average
stability values CV 0.2641 and M 0.7537, because
for heterogeneous samples, it is recommended
to use reference RNAs with CV < 0.5 and M < 1.0.
When calculating the relative normalized miRNA
expression (AACt), the averaged ACt values of the
experimental group versus the control group were
used. The values AACt < 272 and 2> < AACt
(» <0.01) were considered significant.

RESULTS AND DISCUSSION

ESAs are more often used in sports focused
on prolonged physical activity and long distances
(athletics, cycling, race walking, biathlon, etc.) to
improve the supply of oxygen to the body’s organs
and tissues and increase endurance. However, it
should be taken into account that athletes develop
an exercise-induced state of hypoxia, which in
itself contributes to the activation of HIF and the
start of the process of erythropoiesis. Therefore,
the detection of a difference in the markers of
the hypoxia signaling pathway during anaerobic
exercise and the use of cobalt prohibited by
WADA is very important for modern doping control.

In most of the studied samples, miRNA expression
either changed insignificantly or the reliability of the
obtained data was below p = 0.01. Figure 1 shows a
comparison of the levels of expression of microRNAs
of the hypoxia signaling pathway circulating in
plasma in experimental groups 1 (athletes) and
2 (volunteers taking dietary supplements Cobalt DS®).

The abscissa shows the logarithm (Log 2)
of the ratio of the miRNA expression level in
group 2 to the expression level of the same miRNA
in group 1. The solid wvertical line corresponds
to the absence of changes in the expression level,
while the dotted wvertical lines correspond to
a decrease or increase in the expression level in
group 2 compared to group 1 to 4 times.

The negative logarithm (—Log 10) of the p-value
is plotted along the ordinate axis, reflecting the
significance of the obtained results. The solid
horizontal line corresponds to p = 0.01. Thus,
changes in the level of expression shown on this
graph above the solid horizontal line are
statistically significant, and those shown below it
are not statistically significant.

Based on the analysis of data on the levels
of microRNAs circulating in the plasma in
the three studied groups, nine microRNAs were
selected, whose expression is stably determined in
all samples, as well as changing under conditions
of hypoxia, both caused by aerobic exercise and
by the intake of dietary supplements containing
cobalt (Table). These include miR-135a-5p, miR-15b-5p,
miR-199b-5p, miR-200b-3p, miR-203a-3p, miR-204-5p,
miR-26a-5p, miR-449a, miR-504-5p (Fig. 2).

Figure 2 shows that seven (miR-135a-5p, miR-199b-5p,
miR-200b-3p, miR-203a-3p, miR-204-5p, miR-449a,
miR-504-5p) out of nine selected miRNAs in
athletes are expressed at a higher level than
in volunteers who do not participate in sporting
activities. After taking Cobalt DS®, their expression
level also increased, but was significantly lower
than in athletes.
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Fig. 1. Comparison of expression levels of microRNAs
of the hypoxia signaling pathway circulating
in plasma in experimental groups 1 (athletes)
and 2 (volunteers taking dietary supplements Cobalt DS®).

For our purposes, the use of these seven miRNAs
as markers of ESA application will be practically
difficult, since this is possible only by tracking
their expression levels over time, similar to the ABP
hematological module program. MiR-26a-5p levels
were observed to vary slightly between groups.

Sports  medicine  professionals who  work
directly with athletes may also be interested in
hsa-miR-135a-5p and hsa-miR-203a-3p. The level
of these microRNAs in the blood plasma is 11.2
(hsa-miR-135a-5p) and 17.1 (hsa-miR-203a-3p) times
higher in athletes than in volunteers, respectively
(Table). Comparison of microRNA data levels
in athletes with different levels of training and/or
in athletes of different sports would suggest the
possibility of their use as markers of physical
fitness in general or markers of resistance to
anaerobic stress, in particular. From a scientific
point of view, it is interesting to determine whether
a high level of miRNA expression is genetically
determined. Studies by Guo et al. [25] showed
that has-miR-135a-5p reduces the number of
apoptotic myocardial cells and inflammation after
myocardial infarction by inhibiting the expression of
inflammatory proteins: TNF-a, IL-1p, and IL-6.
Hsa-miR-135a-5p also directly interacts with the
inhibitor of hypoxia-inducible factor 1 alpha
(HIFTAN) to reduce its expression and thus indirectly
increase the expression of genes responsible
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Fig. 2. Line diagram showing changes in the expression
of selected circulating miRNAs in different groups.
Based on the data presented in the figure, it can be seen
that in group 2, there is an increase in the expression
of all miRNAs, except for miR-15b-5p, whose expression
remains unchanged, but when taking dietary
supplements Cobalt DS®, it increases.

for osteogenesis processes [26]. By screening
online databases [27], it was predicted and then
experimentally confirmed that has-miR-135a-5p
can potentially be involved in the regulation of
TRPC1 proteins (transient receptor  potential
calcium channels (TRPC)). TRPCI1 is a differential
regulator of hypoxia-mediated events. Blocking
TRPC1 reduces hypoxia-induced autophagy, which
promotes cell survival under hypoxic conditions.
Hsa-miR-203a-3p, according to [28], prevents the
development of ischemic stroke by suppressing
apoptosis, oxidative stress, and inflammation.

The hsa-miR-15b-5p seems to be the most
interesting of the 84 studied microRNAs since
its expression in athletes (group 1) remains
unchanged, as in the volunteers of the control
group; after taking Cobalt DS®, its expression
is significantly higher (group 2). Previously,
hsa-miR-15b-5p was studied in connection with
the search for markers of resistance to mountain
sickness, which causes pulmonary edema and
cerebral edema under hypoxic conditions at altitudes
of more than 2500 m above sea level [29]. Subjects
with a higher initial level of hsa-miR-15b-5p
tolerated hypoxia conditions more easily and
did not show signs of the development of altitude
sickness.
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Table. The ratio of expression levels of circulating miRNAs in group 2 (volunteers taking dietary supplements Cobalt DS®)
to that in group 1 (athletes), group averages

No. 01 02 03 04 05 06 07 08 09 10 11 12
hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa-
let- let- let- let- let- let- let- let- miR- miR- miR- miR-
A Ta-5p 7b-5p Tc-5p 7d-5p Te-5p 7-5p 7g-5p 7i-5p 101-3p = 103a-3p 107 10b-5p
3.38 2.02 2.59 3.86 3.24 3.69 3.09 1.50 -2.48 -1.06 -5.16 -3.47
A B B
hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa-
miR- miR- miR- miR- miR- miR- miR- miR- miR- miR- miR- miR-
B 122-5p  125a-5p 125b-5p  130a-3p 130b-3p 135a-5p @ 138-5p 141-3p  146a-5p = 146b-5p 148a-3p 148b-3p
-3.16 1.97 -1.81 1.74 1.84 -11.16 -2.18 -2.18 -1.17 1.01 -1.11 -1.63
B B B B B B B
hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa-
miR- miR- miR- miR- miR- miR- miR- miR- miR- miR- miR- miR-
C 150-5p = 155-5p | 15a-5p @ 15b-5p 16-5p 17-5p  18la-5p = 181b-5p | 18lc-5p 184 186-5p 188-5p
1.28 1.14 -2.80 6.89 1.41 1.94 -1.80 3.50 -3.18 -2.82 -1.76 -2.48
B B B
hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa-
miR- miR- miR- miR- miR- miR- miR- miR- miR- miR- miR- miR-
D 191-5p | 192-5p @ 195-5p  199a-5p  199b-5p = 19a-3p | 200a-3p 200b-3p  203a-3p = 204-5p 205-5p 20a-5p
3.86 1.62 1.68 1.18 -6.19 -2.40 -3.84 -6.87 -17.09 -6.07 -3.73 2.29
A B B B B
hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa-
miR- miR- miR- miR- miR- miR- miR- miR- miR- miR- miR- miR-
E 20b-5p = 210-3p @ 215-5p = 21-5p @ 221-3p @ 22-3p | 224-5p = 23a-3p = 23b-3p 24-3p 26a-5p 26b-5p
-1.76 -1.50 -2.69 1.52 -1.04 -3.03 -2.15 3.12 1.34 -1.04 5.23 3.25
B B A B B A A
hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa-
miR- miR- miR- miR- miR- miR- miR- miR- miR- miR- miR- miR-
F 27a-3p | 29b-3p  30b-5p | 30e-5p = 31-5p 320a 324-5p  331-3p = 335-5p 34a-5p 378a-3p 429
-1.40 1.73 -3.45 -1.60 -3.82 1.62 1.02 -1.09 -2.70 -1.96 -1.69 -12.29
B B B B
hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa- hsa-
miR- miR- miR- miR- miR-7- miR- miR- miR- miR- miR- miR- miR-
G 449a 451a 491-5p | 504-5p Sp 877-3p = 92a-3p 935 93-5p 9-5p 98-5p 99a-5p
-5.90 1.79 -2.35 -8.79 2.26 -3.69 1.92 -2.91 3.20 -2.20 -1.02 -3.94
A B B

Note: A — the expression of this microRNA is highly variable among individuals, regardless of which group they belong to.
Most likely, this microRNA cannot be used as a biological marker for the use of prohibited substances; B — the expression of this
miRNA is relatively low in both control and experimental samples. In some samples, this miRNA was not detected at all. Thus, the
possibility of using this microRNA as a marker for the use of ESA is also unlikely.

The clear difference in expression levels we in the blood plasma of volunteers, professional
identified  between  anaerobic  exercise-induced athletes involved in endurance sports, and the
hypoxia and cobalt-induced hypoxia imitation makes same volunteers after taking a dietary supplement
hsa-miR-15b-5p a potential candidate for the role containing cobalt, microRNA candidates were
of an ESA abuse marker. selected, whose expression was stably determined

in all samples. These changed under conditions
CONCLUSIONS of hypoxia, both when caused by aerobic exercise
and the intake of dietary supplements. Of particular

In the course of the conducted pilot studies interest as a possible potential marker for the
comparing the levels of circulating microRNAs indirect  determination of HIF activators is
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hsa-miR-15b-5p,  whose  expression  increases
markedly after 20 days of application of Cobalt DS®,
but remains unchanged during prolonged exercise.
To refine the obtained data, it is necessary to expand
the sample of the studied samples. In view of the
absence of a threshold value established by WADA
for the direct determination of the concentration
of total cobalt in plasma and urine, the search for
new markers of ESA doping abuse is undoubtedly
of practical importance for the purposes of doping
control since such markers can act as additional
evidence of the use of prohibited hypoxia mimetics.
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