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Abstract

Context: Our goal was to review the current literature regarding the ability of substances that have recently been included in the
WADA prohibited list (i.e., meldonium, trimetazidine, xenon, and cobalt) or in the monitoring program (i.e., ecdysterone and be-
methyl) to enhance performance in athletes or cause adverse effects.
Evidence Acquisition: To find out which studies led to the prohibition of the substances mentioned, we searched the PubMed
database using keywords including the substances’ or methods’ names, as well as phrases related to various aspects of sports activ-
ities and health assessments of athletes.
Results: The results obtained during our systematic literature search clearly indicate that there is a lack of scientific evidence sup-
porting the impact of several substances prohibited by WADA (i.e., meldonium, trimetazidine, xenon, and cobalt) on athletic per-
formance or on health in athletes.
Conclusions: There is insufficient evidence that the previously mentioned substances have any performance enhancing potential.
If left on the list, meldonium may be classified as a “specified substance” because of its wide availability and due to the fact that this
drug that can be easily bought over the counter without a prescription.

Keywords: WADA Prohibited List, Meldonium, Trimetazidine, Xenon, Cobalt, Ecdysterone, Bemethyl, Sports Performance, Athletes,
Sports

1. Context

One of the most critical problems of professional
sports is the use of prohibited substances and methods by
athletes. In 2018 the share of adverse analytical findings -
more commonly known as positive tests- comprised 0.75%
of Olympic sports drug tests and 2.62% of non-olympic
sport drug tests (1).

The total number of doping tests has been increasing.
In 2018 there were a total of 344,177 tests, which was 6.9%
more than that of 2017 (1).

However, the actual prevalence of prohibited sub-
stance use among elite professional athletes could be
much higher. Based on data collected from an anonymous
survey asking if participating athletes used a prohibited
substance at least once during the recent year, Ulrich et

al. determined that the estimated prevalence of past-year
doping to be 43.6% (95% confidence interval 39.4 - 47.9) at
the 2011 world championships in athletics in Daegu, South
Korea, and 57.1% (52.4 - 61.8) at the 2011 Pan Arab games in
Doha, Qatar (2).

This shows the importance of anti-doping measures
in professional sports and also raises the issue that
sometimes strong evidence is lacking for the inclusion
of substances and methods on the World Anti-Doping
Agency (WADA) prohibited list. For instance, according to
Heuberger et al., only five of 23 substance classes on the
WADA prohibited list have robust evidence of actually hav-
ing the ability to enhance sports performance in athletes
(3).

So why have these substances and methods been pro-
hibited? According to existing rules, all aspects of anti-
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doping regulation are defined in the WADA "Code," which
is the fundamental and universal document defining the
World Anti-Doping Program in sports (4). How does a sub-
stance or method make it to the prohibited list? The WADA
prohibited list may include any substance and methods
that satisfy any two of the following three criteria; 1- It has
the potential to enhance or enhances sport performance;
2- It represents an actual or potential health risk to the ath-
lete; 3- It violates the spirit of sport (this definition is out-
lined in the Code) (4).

The third criterion is somewhat subjective, which
opens space for different interpretations (3).

The WADA prohibited list consists of three main sec-
tions, each divided into several subsections: Prohibited
substances and methods, which are prohibited as doping
at all times both in-competition and out-of-competition
(9 subsections); Substances and methods prohibited in-
competition (4 subsections), including substances prohib-
ited in a certain concentration, such as pseudoephedrine;
Substances prohibited for a particular sport (1 Subsection)
(5).

Some substances are placed on the WADA monitor-
ing program. The World Anti-Doping code (Article 4.5)
states: “WADA, in consultation with signatories and gov-
ernments, shall establish a monitoring program regarding
substances which are not on the prohibited list, but which
WADA wishes to monitor in order to detect patterns of mis-
use in sport.” (4).

However, we failed to find an exact definition for the
term “misuse in sport”. To be placed on the monitoring
program, the studied substance has to be tested for in
all analyzed samples. Thus, the WADA gains information
about substance use prevalence among athletes active in
different sports and living in different regions of the world.
Subsequently, a substance is either put on the prohibited
list or excluded from monitoring. From 2015 to 2019, more
than 15 substances, as well as substance classes like glu-
cocorticoids or beta-2-agonists, have been placed on the
WADA monitoring program. For instance, meldonium was
placed on the program prior to being prohibited. In 2019,
bemethyl was placed on the program, and ecdysterone was
added to the 2020 program (6, 7).

Based on data obtained during consultations with sci-
ence, medicine, and anti-doping experts, the WADA special
commission can make changes to the prohibited list. Par-
ticipating experts are members of the established prohib-
ited list expert group (8).

The prohibited list expert group comprises 13 experts,
including medicine, doping, and pharmacology profes-
sionals. The prohibited list expert group is responsible
for providing expert advice, recommendations, and guid-
ance to the health, medical, and research committee on the

overall publication, management, and maintenance of its
annual international standard of the prohibited list (9).

Furthermore, WADA supports research in the follow-
ing topics: 1- Substances and methods that influence
health and performance in athletes; 2- Substance and
metabolite detection in biological fluids. The results of this
research are available on the WADA official website. From
2001 to 2018, the agency has funded about 500 different
projects; an amount totaling $73 million (10).

Ideally, the decision to ban a substance should be made
based upon the results of high-quality research published
in peer-reviewed and indexed journals and according to
WADA’s own research and expert consultations. The typ-
ical hierarchy of evidence value implies that randomized
clinical trials (RCT’s) and high-quality meta-analyses have
the highest evidence value (11-13). It is known that an expert
opinion does not have the highest evidence value because
it is often biased based on the personal experience and sub-
jectivity of the expert’s opinion (11).

Moreover, evidence based on low-quality studies often
lacks control of confounding factors (14).

2. Objectives

The aim of the present review was to find and analyze
scientific studies that could be used by the WADA health,
medical, and research committee to identify specific sub-
stances that are eligible for inclusion on the prohibited
list. We also evaluated the quality of studies that confirmed
different substances’ potential influences on performance
and health in athletes. The review was done based on five
illustrative substances and one method. Four of these are
listed in section S2 (peptide hormones, growth factors, re-
lated substances, and mimetics) of the prohibited list. Ath-
letes using these substances may face disqualification for
up to four years, which in most cases leads to the end of
their careers. Trimetazidine (since 2014), xenon inhala-
tions (since 2014), and cobalt (since 2018) were put on the
prohibited list without prior analysis of how they fulfill
the inclusion term “misuse in sport” as part of the WADA
monitoring program. Meldonium, which became one of
the most disputable prohibited substances in the sports
world, was put on the list in 2016 after prior monitoring
that was conducted in 2015.

Moreover, we also included bemethyl and ecdysterone
in our review. There is a lot of public attention on these sub-
stances because of the meldonium case, which was fully
prohibited just one year after it was included in the moni-
toring program.

2 Asian J Sports Med. In Press(In Press):e110753.
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3. Evidence Acquisition

To find out which studies led to the prohibition of the
substances mentioned, we searched the PubMed database
using keywords including the substances’ or methods’
names, as well as phrases related to various aspects of
sports activities and health assessments of athletes. There-
fore, we utilized the keywords that were previously applied
by Heuberger et al. in a similar review: ‘athletes’, ‘perfor-
mance’, ‘sport’, ‘doping’, ‘trained’ in combination with the
international nonproprietary name of the substance, for
example, ‘meldonium’ (3). We also used the phrases “ad-
verse event” and “safety,” which could reveal texts describ-
ing adverse effects of substances on health in athletes. The
results of this search are summarized in Table 1 and later
presented in this paper. After the search was completed,
all queried studies were independently reviewed by two
sports medicine physicians for their compliance with the
keywords. The study was performed in December 2019.

As we can see, the studies done with professional ath-
lete participants are sporadic; meta-analyses or system-
atic reviews are absent. We could only find 2 RCT’s in the
PubMed-database that studied the ecdysterone and xenon
influence on various performance aspects. Later in the ar-
ticle, we will examine the existing evidence for each of the
analyzed substances and the methods.

4. Results

4.1. Meldonium

Meldonium was synthesized at the end of the 1970s at
the Latvian Institute of organic synthesis. Its generation
was originally related to the process of recycling of rocket
fuel, 1,1-dimethylhydrazine. Meldonium was initially con-
sidered a growth stimulator of fowl and animals (15-17).
Nowadays, meldonium is widely available on the pharma-
ceutical markets of former USSR-countries. It is most com-
monly marketed in Latvia and the Russian federation un-
der the trade name Mildronate (18).

Meldonium is available without prescription in phar-
macies in Russia and several other eastern European coun-
tries. It is most commonly used to treat coronary heart
disease and ischemic stroke, but it has several other
registered indications, namely tiredness and “physical
and psycho-emotional overexertion”. These indications are
drawn from the manufacturer’s instructions (19, 20).

In Russia, meldonium is included on the official list
of essential pharmaceuticals, so its price and market
turnover are administered by the state in order to make
it affordable for all income groups (21). In 2015, meldo-
nium was put on the WADA monitoring program (22), and

in 2016, it was added to the prohibited list. Since its pro-
hibition, positive meldonium tests have led to the disqual-
ification of 498 competing athletes, the majority of them
representing former USSR-countries (23).

In 2017, 25% of all punished athletes were suspended
due to meldonium use, which was categorized as sub-
stance use under section S4 of the prohibited list (1).
Widespread use of meldonium among athletes from a par-
ticular region of the world is considered to be the reason
for its prohibition. Stuart et al. reported the widespread
use of this drug by athletes competing at the Baku 2015 Eu-
ropean Games. Many athletes from former USSR-countries
took part in European Games, and 8.7% of doping tests
showed positive findings for meldonium (22). Nonethe-
less, a clear definition of “widespread use” does not exist.
For example, one may wonder why confirmation of meldo-
nium presence in 8.7% of tests is a sufficient reason for its
prohibition, but the detection of nicotine and its metabo-
lites in 15% of tests, as described by Mundel et al. and
quoted in the research section of WADA, is not (24, 25).

The same research section of WADA contains studies
demonstrating positive effects from administering snus
(smokeless tobacco) on sports performance as well as
health risks associated with dermal nicotine administra-
tion during exercise at higher ambient temperatures (25,
26). There is data supporting that nicotine fulfills all three
inclusion criteria for the prohibited list. Nonetheless, nico-
tine is still not on the list. Commenting on the disqualifica-
tion of Maria Sharapova for meldonium usage, WADA has
stated that “meldonium was added [to the prohibited list]
because of evidence of its use by athletes to enhance per-
formance.” However, the agency has shown no scientific ev-
idence that this substance has any effect on athletic perfor-
mance (27).

Generally, the scientific bulk of data regarding meldo-
nium use in patients is quite large. Our PubMed Search re-
quest yielded 240 articles regarding meldonium use in pa-
tients, including 12 reviews and 33 clinical trials. The vast
majority of studies aimed at investigating the clinical ef-
ficacy of meldonium have been performed with sick per-
sons. It must be noted that only 127 (53%) of articles from
our literature search were available in English. Likewise,
Greenblatt et al. have noted that there is a lack of English-
language publications providing data regarding the safety
and efficacy of meldonium as a therapeutic agent in pa-
tients or as a performance-enhancing drug in healthy in-
dividuals. There is only minimal evidence from North
America and Western Europe regarding the role of meldo-
nium in the treatment of disease or whether it can produce
meaningful performance enhancement in highly trained
athletes (19).

We can note only two works published in English re-

Asian J Sports Med. In Press(In Press):e110753. 3
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Table 1. Studies Related to Research of the Influence of Analyzed Substances and Methods on Athletic Performance and Possible Negative Health Effects in Athletes and Healthy
Volunteers

Substance Search Hits for
the Substance

Search Hits for
Studies

Published in
English

Articles Found
with the

Keywords

Meta-analyses
or Systematic

Reviews

Narrative
Reviews

Randomized
Clinical Trials

Studies
Performed by

WADA

Meldonium 240 127 6 - 2 - -

Trimetazidine 1053 836 2 - - - -

Xenon 11815 10116 3 - - 1 -

Cobalt 54992 46060 3 - - - -

Bemethyl 94 14 4 - 1 - -

Ecdysterone 2554 2389 4 - 1 1 1

garding the possible ability of meldonium to enhance ath-
letic performance, one of which is a narrative review (28,
29). Both studies were published after the prohibition
of meldonium by WADA and contain references from sev-
eral low-quality studies. In the first study, Arduini et al.
commented on the Maria Sharapova-case by making an
assumption that WADA may have banned meldonium be-
cause it can lower intracellular carnitine to pathological
levels when overdosed (28). They quote Lienpiesch et al.
who demonstrated that oral meldonium administration
to healthy volunteers (500 mg, twice daily) for four weeks
leads to a significant 18% reduction of plasma L-carnitine.
However, Lienpiesch et al. did not address how reduced
plasma L-carnitine levels could influence athletic perfor-
mance or adversely affect health (30). Arduini et al. also
noted that they did not find any evidence that meldonium
could enhance athletic performance, and the only study
they could find focused on a small cohort of older adults
(> 60 years old) suffering from angina pectoris, in which it
was demonstrated that meldonium led to better exercise
tolerance.

In the second work, a narrative review by Schober-
berger et al., the authors also assessed the possible role of
meldonium on performance enhancement (29). Schober-
berger et al. quoted Kakhabrishvili et al.’s study, which
claimed "that meldonium can be used as an agent for in-
creasing the physical capacity in the practice of sports
pharmacology for combat sports," but Schoberberger et al.
also immediately pointed out the methodological flaws of
Kakhabrishvili et al.’s study (30, 31). For example, Kakhabr-
ishvili et al.’s study was published in a non-indexed jour-
nal, and it was performed on seven judo fighters with non-
athlete volunteers, whose weight varied by ~ 23 kg, as the
reference group. Schoberberger et al. also stated that there
was no reliable study examining the efficacy of meldonium
in terms of exercise performance, either in healthy vol-
unteers or in highly trained athletes. Moreover, there is
an overall lack of studies performed with highly trained

athletes that have been published in peer-reviewed jour-
nals that prove that meldonium improves exercise perfor-
mance (29). Despite Schoberberger et al.’s earlier critique,
they maintained that among athletes, meldonium is used
to increase recovery rate or exercise performance, but they
did not corroborate this notion citing any reference.

Schoberberger et al.’s article stated that meldonium
is a prescription drug. However, meldonium can be pur-
chased prescription-free in any pharmacy in Russia, the
country with the largest number of athletes disqualified
for meldonium use.

In a study by Gorgens et al., the authors stated that
“studies demonstrated an increase in endurance perfor-
mance of athletes, improved rehabilitation after exercise,
protection against stress, and enhanced activations of cen-
tral nervous system (CNS) functions [due to meldonium
administration]” (32). To corroborate this notion, they
quoted the previously mentioned study by Kakhabrishvili
et al. (31) and a local conference-thesis by Dzintare et al.,
which has never been published in any peer-reviewed jour-
nal (33).

In other research works focused on studying the effects
of meldonium on athletic performance, authors have not
shown any data regarding the influence of meldonium on
the athletes’ performance or health. Moreover, these arti-
cles were published after meldonium was added to the pro-
hibited list (18, 19, 34).

We should also notice that the research articles study-
ing meldonium pharmacokinetics and detection time in
biological fluids were published after it was added to the
prohibited list (35-44).

Meldonium traces can be detected several months af-
ter regular intake of it has stopped. This is probably the
reason why meldonium was detected in some doping tests,
resulting in the disqualification of several athletes in 2016
even though the athletes themselves claimed they stopped
taking meldonium in 2015 (35).

Moreover, it is important to emphasize the fact that
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meldonium pharmacokinetics described by Rabin et al.
(35) are completely different from the pharmacokinetics
data in the official manufacturer’s instructions. The manu-
facturer’s instructions state that meldonium is quickly me-
tabolized and eliminated as two metabolites while Rabin
et al. demonstrated that there was a long second phase
of elimination and urine excretion of parental entity in
healthy volunteers.

Thus, based upon open-source data, it can be con-
cluded that there is no high-quality published scientific ev-
idence that supports the notion that meldonium enhances
athletic performance or has any adverse effects on health
in athletes.

4.2. Trimetazidine

Trimetazidine was developed in 1963 at Servier labora-
tories, France. It is known under the trade names Vastarel
and Preductal (45). The drug has a similar mechanism
of action as meldonium; it induces myocytes to switches
their primary energy metabolism from fatty acid oxidation
to glycolysis. Meldonium exhibits anti-L-carnitine activ-
ity by inhibiting gamma-butyrobetaine via suppression of
gamma-butyrobetaine dehydrogenase. Trimetazidine in-
terferes with beta-oxidation by inhibiting 3-ketoacyl-CoA
thiolase. Initially, trimetazidine was used to treat angina
pectoris and several vestibular disorders (46).

Later clinical studies have demonstrated its efficacy
in treating heart failure with different etiologies (47, 48).
Trimetazidine is formally a prescription drug in Russia. Ac-
cording to Jarek et al., trimetazidine was identified in 0.23%
of samples collected from athletes between 2008 and 2013
in the WADA-accredited lab in Warsaw, Poland (49). Sieg-
mund et al., detected trimetazidine in 0.1% of all studied
samples, predominantly originating from elite athletes ac-
tively competing in endurance and strength sports, at the
Cologne doping control laboratory between 1999 and 2013
(50). Although these low detection rates hardly suggest
"widespread use" among athletes, trimetazidine has been
on the prohibited list since 2014.

In 2017, 2% of athletes that were disqualified for sub-
stance use under section S4 of the prohibited list were
specifically punished for trimetazidine use (1). Our litera-
ture search using the keyword “Trimetazidine” on PubMed
yielded 1,055 results, including 836 articles in English,
which included 182 reviews, 215 clinical trials. However,
there were only two research works related to sports
medicine. In the RCT conducted by Al-Kuraishy et al., the
authors showed that trimetazidine enhances psychomo-
tor parameters in non-athletic volunteers. This work was
published in 2017, three years after the WADA trimetazi-
dine ban (51). Vitale et al. demonstrated that trimetazi-
dine improves exercise performance in patients with pe-

ripheral arterial disease, but they did not examine healthy
volunteers or athletes (52).

Adverse effects of trimetazidine in the general popu-
lation have been described; there has been an increasing
number of case reports concerning drug-induced parkin-
sonism, gait disorders, and tremors (50, 53-55). We could
not find any study that investigated the effects of vari-
ous trimetazidine concentrations on health or exercise
performance in athletes or healthy volunteers. Thus, it
can be concluded that there currently is no high-quality
published scientific evidence supporting the notion that
trimetazidine enhances athletic performance or has any
adverse health effects on athletes. It is possible, though,
that the results demonstrating adverse effects of trimetazi-
dine in the general population may be why this substance
was included in the prohibited list.

4.3. Hypoxia-Inducible Factor (HIF) Activating Agents: Xenon
and Cobalt

Xenon is an inhalation anesthetic, which presumably
stimulates erythropoiesis and hence raises erythrocyte
and hemoglobin concentration in blood, subsequently in-
creasing blood oxygen saturation. Xenon was put on the
prohibited list in 2014 (56). In 2019, 5 years after xenon
inhalations were prohibited; Dias et al. tested the acute
and chronic effects of various xenon concentrations on
non-athletic volunteers and found that xenon inhalations
lead to a slight, but long-lasting increase in endogenous
erythropoietin production. Nonetheless, the authors con-
cluded that xenon inhalations did not enhance fitness or
performance (57).

In another study from 2016, Stoppe et al. con-
cluded that xenon indeed increases erythropoietin levels
in healthy volunteers (58). However, after intense scien-
tific dispute on that topic, Stoppe et al. later admitted that
“observed findings should receive more careful investiga-
tion in following confirmatory studies” (59, 60). It has to
be taken into account these isolated research works study-
ing xenon influence on non-athletic volunteers were pub-
lished after xenon-inhalation was prohibited by the WADA
(57-60). The WADA President Sir Craig Reedie stated in 2014
that xenon was put on the prohibited list because “stud-
ies have shown that xenon can stimulate the production
of erythropoietin (EPO) and testosterone and therefore has
the potential to enhance athletic performance.” We could
not find any published studies, dated before 2017 that were
able to confirm this statement. Currently, there still is no
data in any peer-reviewed journal regarding the effect of
xenon on testosterone secretion in athletes (61).

Cobalt was added to the prohibited list in 2018 as a
substance that affects erythropoiesis. However, in a meta-
analysis published by Hefferman et al. in 2019, the au-
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thors failed to provide any relevant, high-quality evidence
supporting that cobalt affects athletic performance after
extensively researching the topic using various databases
(62). To date, the only studies connecting cobalt to sports
are studies that have been conducted by Lippi et al. in 2005
- 2006. However, they have not described cobalt effects
on performance. They have only made assumptions that
cobalt might be used for boosting erythropoiesis to gain
performance advantages, and they expressed concern re-
garding possible adverse effects (63, 64). Adverse effects
due to cobalt intake are either associated with long-term
intake in significant amounts or with cobalt-poisoning.
Lippi et al.’s studies do not contain any data regarding ad-
verse effects associated with cobalt intake in athletes.

4.4. Bemethyl

Our PubMed search for "bemethyl" or "bemitil" yielded
94 articles, which did not include any reviews. Of the 94
articles, only 14 articles were published in English. Be-
methyl was developed in the 1970s by the department of
pharmacology at the St. Petersburg State Military Medi-
cal Academy. It was used as an "adaptogen" in Soviet cos-
monauts and military personnel and to improve physical
performance in athletes (65). The substance is registered
in some former USSR countries under the name "Ethylth-
iobenzimidazole hydrobromide”. The manufacturer’s in-
structions contain the following indications for use: "Fa-
tigue, asthenic conditions, recovery after stroke and trau-
matic brain injury" (66). The drug has over-the-counter
status in Russia. According to unofficial information, be-
methyl is widely used by athletes from former USSR coun-
tries. The substance was put on the WADA Monitoring List
in 2019. We could not find any data regarding positive be-
methyl tests, probably because methods to detect it in bi-
ological fluids were developed only recently (67). Hence,
it is not possible to argue that bemethyl is widely used. We
could not identify high-quality scientific studies regarding
the possible positive effects of bemethyl on athletic perfor-
mance, but performance enhancement has been demon-
strated in animal studies (68, 69). Several publications in
Russian have described the positive effects of bemethyl on
athletic performance, including a review by Oliynyk et al.
(65). However, all studies quoted in this review are pub-
lished in Russian, contain serious methodological flaws,
and do not comply with modern scientific practice stan-
dards (65).

4.5. 20-Hydroxyecdysone

20-Hydroxyecdysone (Ecdysterone) is a hormone-like
substance, which has a steroid ring at the core of its struc-
ture. It is widely present throughout the plant and animal

world. By interacting with chitin, it promotes exuviation in
arthropods. Plants synthesize ecdysterone presumably for
protection against insects. We performed a PubMed search
for “20-Hydroxyecdysone” that yielded 2554 hits, of which
2389 publications were in English. We could not identify
any information regarding ecdysterone identification in
doping tests in neither open-source data nor the WADA spe-
cial section. Nutritional supplements containing ecdys-
terone are widespread. Ecdysterone was first extracted and
studied in the USSR in 1976, and at that time, it was hypoth-
esized that this substance could have anabolic activity (70).
An experimental animal-study performed in 1988 demon-
strated that ecdysterone has a similar effect on contractile
muscle-proteins as methandrostenolone (71).

In the USSR, applications of this substance were stud-
ied in various sports, but the results were published only
in Russian non-indexed journals. Moreover, the quality
of these experiments did not comply with scientific stan-
dards (no reference groups, open nonrandomized study
design).

Results of a comprehensive study designed to de-
termine if ecdysterone (20-Beta-Hydroxyecdysterone) im-
proves strength or athletic ability were published by
Wilborn et al. in 2006. The study examined if ecdys-
terone improved the subjects’ ability to perform specific
exercises and tested for changes in chemical indicators of
athletic ability such as body composition and free non-
binded testosterone. Wilborn et al. concluded that daily
oral intake of 30 mg of 20-hydroxyecdysone did not sig-
nificantly affect anabolic or catabolic responses to resis-
tance training, body composition, or training adaptation
(72). In a different study by Isenman et al. (73), they pro-
vided a detailed review of ecdysterone, but the majority of
tests they performed were done on animals. In contrast
to experiments performed by Wilborn et al. (72), Isenman
et al. observed that daily doses of 5mg/kg/BW ecdysterone
(i.e., several times more concentrated than the doses ad-
ministered by Wilborn et al.) induced anabolic effects (73).
The atypical hallmark of ecdysterone that distinguishes it
from androgen-derived anabolics, is muscle growth stimu-
lation via estrogen receptors, not androgen activation. Re-
cent studies by Parr et al. in 2015 and 2019 have described
possible ecdysterone effects in animals and humans. How-
ever, the 2019 study was funded by WADA. Ecdysterone and
conventional anabolic steroids’ impact on plantar muscle
thickness in rats were studied in 2015. In the 2015 study,
by Parr et al. observed that 5 mg/kg doses of ecdysterone
had positive anabolic effects on rat muscle thickness. Parr
et al. considered that this evidence was sufficient for plac-
ing ecdysterone in section S2 of the WADA’s prohibited list
(74). In the 2019 study, which was published in the special
section of the WADA website, ecdysterone was prescribed
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for 10 weeks in two different doses to healthy non-athletic
individuals to evaluate its influence on athletic perfor-
mance, including back squats, bench presses, and counter-
movement jumps. Although the supplements they admin-
istered to the subjects were labeled to contain 100 mg of
ecdysterone, extraction analysis determined that the real
dosage was only 6 mg of ecdysterone.

Depending on the treatment group, volunteers re-
ceived either two (12 mg) or eight (48 mg) capsules per
day. The reference groups consisted of volunteers that
exercised during the study period, volunteers receiving
placebo, and a control group of non-exercising volunteers.
The study showed that ecdysterone had a positive effect on
anthropometric and performance parameters (73).

Out of all the other substances reviewed herein (i.e.,
meldonium, trimetazidine, xenon, cobalt, and bemethyl),
WADAs’ approach to studying ecdysterone has been the
most compliant with modern scientific standards.

5. Conclusions

The results obtained during our systematic literature
search clearly indicate that there is a lack of scientific ev-
idence supporting the impact of several substances pro-
hibited by WADA (i.e., meldonium, trimetazidine, xenon,
and cobalt) on athletic performance or on health in ath-
letes. According to the principles of modern evidence-
based medicine, expert opinion can be subjective or biased
and therefore has low evidence value. However, it is possi-
ble that the WADA might have some data that is, for some
reason, not accessible to the public. Therefore, we believe
that publishing data that justify the decision of the WADA
as well as local anti-doping agencies to ban certain drugs
will promote the trust of the sports community.

Regular and timely publication of studies that are used
by the WADA health, medical, and research committee to
identify specific substances for putting them on the pro-
hibited list, would promote process transparency and re-
duce the opportunity for speculation.

There is insufficient evidence that the previously men-
tioned substances have any performance enhancing po-
tential. If left on the list, meldonium may be classified
as a “specified substance” because of its wide availability
and due to the fact that this drug can be bought over the
counter without a prescription.

The wide prevalence of particular substance or meth-
ods use seems to be inadequate for placing the substance
or method on the prohibited list.

Trimetazidine may have been placed on the prohib-
ited list due to its adverse health effects; WADA’s approach
to ecdysterone is the most consistent with basic scientific

standards as there is data supporting that ecdysterone may
improve performance.
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38. Šlampová A, Kubáň P. Rapid determination of meldonium in urine
samples by capillary electrophoresis with capacitively coupled con-
tactless conductivity detection. J Chromatogr A. 2016;1468:236–40. doi:
10.1016/j.chroma.2016.09.027. [PubMed: 27641719].

39. Thevis M, Krug O, Geyer H, Schänzer W. Expanding analytical op-
tions in sports drug testing: Mass spectrometric detection of pro-
hibited substances in exhaled breath. Rapid Commun Mass Spec-
trom. 2017;31(15):1290–6. doi: 10.1002/rcm.7903. [PubMed: 28508503].
[PubMed Central: PMC5519941].

40. Görgens C, Guddat S, Bosse C, Geyer H, Pop V, Schänzer W, et al.
The atypical excretion profile of meldonium: Comparison of uri-
nary detection windows after single- and multiple-dose applica-
tion in healthy volunteers. J Pharm Biomed Anal. 2017;138:175–9. doi:
10.1016/j.jpba.2017.02.011. [PubMed: 28213178].

41. Panchaud A, Csajka C. Outbreak in meldonium positive laboratory
tests: are we missing something? Br J Sports Med. 2016;50(22):1422–3.
doi: 10.1136/bjsports-2016-096253. [PubMed: 27166287].

42. Tretzel L, Görgens C, Geyer H, Thomas A, Dib J, Guddat S, et al. Analyses
of meldonium (mildronate) from blood, dried blood spots (DBS), and
urine suggest drug incorporation into erythrocytes. Int J Sports Med.
2016;37(6):500–2. doi: 10.1055/s-0036-1582317. [PubMed: 27144836].

43. Xhaferaj M, Naegele E, Parr MK. Ion exchange in supercritical
fluid chromatography tandem mass spectrometry (SFC-MS/MS): Ap-
plication for polar and ionic drugs and metabolites in forensic
and anti-doping analysis. J Chromatogr A. 2020;1614:460726. doi:

8 Asian J Sports Med. In Press(In Press):e110753.

https://www.wada-ama.org/en/what-we-do/science-medical/research/funded-research-projects
https://www.wada-ama.org/en/what-we-do/science-medical/research/funded-research-projects
http://dx.doi.org/10.1136/bjsports-2015-095548
http://www.ncbi.nlm.nih.gov/pubmed/26612842
http://dx.doi.org/10.1097/PRS.0b013e318219c171
http://www.ncbi.nlm.nih.gov/pubmed/21701348
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3124652
http://dx.doi.org/10.18773/austprescr.2016.032
http://www.ncbi.nlm.nih.gov/pubmed/27350119
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4919179
http://dx.doi.org/10.1002/cpdd.264
http://www.ncbi.nlm.nih.gov/pubmed/27128409
https://grls.rosminzdrav.ru/Default.aspx
https://grls.rosminzdrav.ru/Default.aspx
https://minzdrav.gov.ru/ministry/61/10/stranitsa-858/perechen-zhiznenno-neobhodimyh-i-vazhneyshih-lekarstvennyh-preparatov-dlya-meditsinskogo-primeneniya-na-2018-god
https://minzdrav.gov.ru/ministry/61/10/stranitsa-858/perechen-zhiznenno-neobhodimyh-i-vazhneyshih-lekarstvennyh-preparatov-dlya-meditsinskogo-primeneniya-na-2018-god
https://minzdrav.gov.ru/ministry/61/10/stranitsa-858/perechen-zhiznenno-neobhodimyh-i-vazhneyshih-lekarstvennyh-preparatov-dlya-meditsinskogo-primeneniya-na-2018-god
https://minzdrav.gov.ru/ministry/61/10/stranitsa-858/perechen-zhiznenno-neobhodimyh-i-vazhneyshih-lekarstvennyh-preparatov-dlya-meditsinskogo-primeneniya-na-2018-god
http://dx.doi.org/10.1136/bjsports-2015-095906
http://www.ncbi.nlm.nih.gov/pubmed/27015859
http://dx.doi.org/10.18773/austprescr.2015.059
http://www.ncbi.nlm.nih.gov/pubmed/26648655
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4657305
http://dx.doi.org/10.1007/s40279-017-0764-5
http://www.ncbi.nlm.nih.gov/pubmed/28791650
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5684328
https://www.wada-ama.org/en/resources/research/nicotine-exercise-and-heat-stress-performance-benefits-health-risks-and
https://www.wada-ama.org/en/resources/research/nicotine-exercise-and-heat-stress-performance-benefits-health-risks-and
https://www.wada-ama.org/en/resources/research/effects-of-snus-administration-on-sport-perfornance
https://www.wada-ama.org/en/resources/research/effects-of-snus-administration-on-sport-perfornance
https://www.wada-ama.org/en/resources/research/effects-of-snus-administration-on-sport-perfornance
http://dx.doi.org/10.1136/postgradmedj-2016-134124
http://www.ncbi.nlm.nih.gov/pubmed/27252310
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4975811
http://dx.doi.org/10.1136/bjsports-2016-096357
http://dx.doi.org/10.1136/bjsports-2016-096357
http://www.ncbi.nlm.nih.gov/pubmed/27465696
http://dx.doi.org/10.1111/j.2042-7158.2011.01325.x
http://www.ncbi.nlm.nih.gov/pubmed/21827492
http://dx.doi.org/10.1002/dta.1788
http://www.ncbi.nlm.nih.gov/pubmed/25847280
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5066279
http://dx.doi.org/10.1016/j.jshs.2016.06.008
http://www.ncbi.nlm.nih.gov/pubmed/30356593
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6188923
http://dx.doi.org/10.1002/dta.2521
http://www.ncbi.nlm.nih.gov/pubmed/30328291
http://dx.doi.org/10.1002/dta.2214
http://www.ncbi.nlm.nih.gov/pubmed/28513092
http://dx.doi.org/10.1016/j.jpba.2018.08.053
http://www.ncbi.nlm.nih.gov/pubmed/30189410
http://dx.doi.org/10.1016/j.chroma.2016.09.027
http://www.ncbi.nlm.nih.gov/pubmed/27641719
http://dx.doi.org/10.1002/rcm.7903
http://www.ncbi.nlm.nih.gov/pubmed/28508503
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5519941
http://dx.doi.org/10.1016/j.jpba.2017.02.011
http://www.ncbi.nlm.nih.gov/pubmed/28213178
http://dx.doi.org/10.1136/bjsports-2016-096253
http://www.ncbi.nlm.nih.gov/pubmed/27166287
http://dx.doi.org/10.1055/s-0036-1582317
http://www.ncbi.nlm.nih.gov/pubmed/27144836


Uncorrected Proof

Bezuglov E et al.

10.1016/j.chroma.2019.460726. [PubMed: 31787266].
44. Liepinsh E, Dambrova M. The unusual pharmacokinetics of mel-

donium: Implications for doping. Pharmacol Res. 2016;111:100. doi:
10.1016/j.phrs.2016.05.029. [PubMed: 27262679].

45. Mehrotra TN, Bassadone ET. Trimetazidine in the treatment of angina
pectoris. Br J Clin Pract. 1967;21(11):553–4. [PubMed: 4864732].

46. McCarthy CP, Mullins KV, Kerins DM. The role of trimetazidine in car-
diovascular disease: Beyond an anti-anginal agent. Eur Heart J Car-
diovasc Pharmacother. 2016;2(4):266–72. doi: 10.1093/ehjcvp/pvv051.
[PubMed: 27533944].

47. Fragasso G, Palloshi A, Puccetti P, Silipigni C, Rossodivita A, Pala M,
et al. A randomized clinical trial of trimetazidine, a partial free fatty
acid oxidation inhibitor, in patients with heart failure. J Am Coll
Cardiol. 2006;48(5):992–8. doi: 10.1016/j.jacc.2006.03.060. [PubMed:
16949492].

48. Tuunanen H, Engblom E, Naum A, Någren K, Scheinin M, Hesse
B, et al. Trimetazidine, a metabolic modulator, has cardiac and
extracardiac benefits in idiopathic dilated cardiomyopathy. Circu-
lation. 2008;118(12):1250–8. doi: 10.1161/CIRCULATIONAHA.108.778019.
[PubMed: 18765391].

49. Jarek A, Wojtowicz M, Kwiatkowska D, Kita M, Turek-Lepa E, Chajewska
K, et al. The prevalence of trimetazidine use in athletes in Poland: Ex-
cretion study after oral drug administration. Drug Test Anal. 2014;6(11-
12):1191–6. doi: 10.1002/dta.1755. [PubMed: 25421604].

50. Sigmund G, Koch A, Orlovius AK, Guddat S, Thomas A, Schänzer W,
et al. Doping control analysis of trimetazidine and characterization
of major metabolites using mass spectrometric approaches. Drug Test
Anal. 2014;6(11-12):1197–205. doi: 10.1002/dta.1680. [PubMed: 24913825].

51. Al-Kuraishy HM, Al-Gareeb AI. Central beneficial effects of trimetazi-
dine on psychomotor performance in normal healthy volunteers.
Adv Biomed Res. 2017;6:69. doi: 10.4103/2277-9175.190994. [PubMed:
28626744]. [PubMed Central: PMC5468786].

52. Vitale C, Marazzi G, Pelliccia F, Volterrani M, Cerquetani E, Spole-
tini I, et al. Trimetazidine improves exercise performance in patients
with peripheral arterial disease. Pharmacol Res. 2011;63(4):278–83. doi:
10.1016/j.phrs.2011.01.003. [PubMed: 21220024].

53. Masmoudi K, Masson H, Gras V, Andrejak M. Extrapyramidal ad-
verse drug reactions associated with trimetazidine: A series of 21
cases. Fundam Clin Pharmacol. 2012;26(2):198–203. doi: 10.1111/j.1472-
8206.2011.01008.x. [PubMed: 22044594].

54. Marti Masso JF, Marti I, Carrera N, Poza JJ, Lopez de Munain A.
Trimetazidine induces parkinsonism, gait disorders and tremor.
Therapie. 2005;60(4):419–22. doi: 10.2515/therapie:2005061. [PubMed:
16268443].

55. Bondon-Guitton E, Perez-Lloret S, Bagheri H, Brefel C, Rascol O, Mon-
tastruc JL. Drug-induced parkinsonism: A review of 17 years’ experi-
ence in a regional pharmacovigilance center in France. Mov Disord.
2011;26(12):2226–31. doi: 10.1002/mds.23828. [PubMed: 21674626].

56. World Anti-Doping Agency. The 2014 prohibited list international
standard (version 2). Montreal, Canada: World Anti-Doping
Agency; 2014, [cited 20 Dec]. Available from: https://www.wada-
ama.org/sites/default/files/resources/files/WADA-Revised-2014-
Prohibited-List-EN.PDF.

57. Dias KA, Lawley JS, Gatterer H, Howden EJ, Sarma S, Cornwell W3, et
al. Effect of acute and chronic xenon inhalation on erythropoietin,
hematological parameters, and athletic performance. J Appl Phys-
iol (1985). 2019;127(6):1503–10. doi: 10.1152/japplphysiol.00289.2019.
[PubMed: 31414957].

58. Stoppe C, Ney J, Brenke M, Goetzenich A, Emontzpohl C, Schalte G, et
al. Sub-anesthetic xenon increases erythropoietin levels in humans:
A randomized controlled trial. Sports Med. 2016;46(11):1753–66. doi:
10.1007/s40279-016-0505-1. [PubMed: 26939898].

59. Balachandran A, Streiner DL, Signorile JF. Comment on "sub-
anesthetic xenon increases erythropoietin levels in humans:

A randomized controlled trial". Sports Med. 2017;47(2):379. doi:
10.1007/s40279-016-0659-x. [PubMed: 27933561].

60. Stoppe C, Ney J, Rossaint R, Coburn M, Goetzenich A. Authors’ reply
to Anoop Balachandran et al.: Comment on "sub-anesthetic xenon in-
creases erythropoietin levels in humans: A randomized controlled
trial". Sports Med. 2017;47(2):381–2. doi: 10.1007/s40279-016-0660-4.
[PubMed: 27933562].

61. Cycling News. Xenon added to banned substances list. England: Cycling
News; 2014, [cited 20 Dec]. Available from: https://www.cyclingnews.
com/news/xenon-added-to-banned-substances-list/.

62. Heffernan SM, Horner K, De Vito G, Conway GE. The role of min-
eral and trace element supplementation in exercise and ath-
letic performance: A systematic review. Nutrients. 2019;11(3). doi:
10.3390/nu11030696. [PubMed: 30909645]. [PubMed Central:
PMC6471179].

63. Lippi G, Franchini M, Guidi GC. Cobalt chloride administration in
athletes: A new perspective in blood doping? Br J Sports Med.
2005;39(11):872–3. doi: 10.1136/bjsm.2005.019232. [PubMed: 16244201].
[PubMed Central: PMC1725077].

64. Lippi G, Franchini M, Guidi GC. Blood doping by cobalt. Should
we measure cobalt in athletes? J Occup Med Toxicol. 2006;1:18.
doi: 10.1186/1745-6673-1-18. [PubMed: 16863591]. [PubMed Central:
PMC1550414].

65. Oliynyk S, Oh S. The pharmacology of actoprotectors: Practical appli-
cation for improvement of mental and physical performance. Biomol
Ther. 2012;20(5):446–56. doi: 10.4062/biomolther.2012.20.5.446.
[PubMed: 24009833]. [PubMed Central: PMC3762282].

66. Encyclopedia of Medicines and Pharmacy Products. [Ethylthiobenz-
imidazole hydrobromide]. Moscow, Russia: Encyclopedia of Medicines
and Pharmacy Products; [cited 20 Dec]. Russian. Available from: https:
//www.rlsnet.ru/mnn_index_id_535.htm.

67. Kwiatkowska D, Kowalczyk K, Grucza K, Szutowski M, Bulska E, Wicka
M. Detection of bemitil and its metabolite in urine by means of LC-
MS/MS in view of doping control analysis. Drug Test Anal. 2018;10(11-
12):1682–8. doi: 10.1002/dta.2524. [PubMed: 30346653].

68. Dubovik BV, Bogomazov SD. [Multifactorial method for assessing the
physical work capacity of mice]. Farmakol Toksikol. 1987;50(2):116–21.
Russian. [PubMed: 3582626].

69. Syrov VN, Shakhmurova GA, Khushbaktova ZA. [Effects of phytoecdys-
teroids and bemithyl on functional, metabolic, and immunobiolog-
ical parameters of working capacity in experimental animals]. Eksp
Klin Farmakol. 2008;71(5):40–3. Russian. [PubMed: 19093371].

70. Syrov VN, Kurmukov AG. [Anabolic activity of phytoecdysone-
ecdysterone isolated from Rhaponticum carthamoides (Willd.) Iljin].
Farmakol Toksikol. 1976;39(6):690–3. Russian. [PubMed: 1030669].

71. Chermnykh NS, Shimanovskiı̆ NL, Shutko GV, Syrov VN. [The action
of methandrostenolone and ecdysterone on the physical endurance
of animals and on protein metabolism in the skeletal muscles]. Far-
makol Toksikol. 1988;51(6):57–60. Russian. [PubMed: 3234543].

72. Wilborn CD, Taylor LW, Campbell BI, Kerksick C, Rasmussen CJ,
Greenwood M, et al. Effects of methoxyisoflavone, ecdysterone, and
sulfo-polysaccharide supplementation on training adaptations
in resistance-trained males. J Int Soc Sports Nutr. 2006;3:19–27. doi:
10.1186/1550-2783-3-2-19. [PubMed: 18500969]. [PubMed Central:
PMC2129166].

73. Isenmann E, Ambrosio G, Joseph JF, Mazzarino M, de la Torre X,
Zimmer P, et al. Ecdysteroids as non-conventional anabolic agent:
performance enhancement by ecdysterone supplementation in hu-
mans. Arch Toxicol. 2019;93(7):1807–16. doi: 10.1007/s00204-019-02490-
x. [PubMed: 31123801].

74. Parr MK, Botrè F, Naß A, Hengevoss J, Diel P, Wolber G. Ecdysteroids:
A novel class of anabolic agents? Biol Sport. 2015;32(2):169–73. doi:
10.5604/20831862.1144420. [PubMed: 26060342]. [PubMed Central:
PMC4447764].

Asian J Sports Med. In Press(In Press):e110753. 9

View publication statsView publication stats

http://dx.doi.org/10.1016/j.chroma.2019.460726
http://www.ncbi.nlm.nih.gov/pubmed/31787266
http://dx.doi.org/10.1016/j.phrs.2016.05.029
http://www.ncbi.nlm.nih.gov/pubmed/27262679
http://www.ncbi.nlm.nih.gov/pubmed/4864732
http://dx.doi.org/10.1093/ehjcvp/pvv051
http://www.ncbi.nlm.nih.gov/pubmed/27533944
http://dx.doi.org/10.1016/j.jacc.2006.03.060
http://www.ncbi.nlm.nih.gov/pubmed/16949492
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.778019
http://www.ncbi.nlm.nih.gov/pubmed/18765391
http://dx.doi.org/10.1002/dta.1755
http://www.ncbi.nlm.nih.gov/pubmed/25421604
http://dx.doi.org/10.1002/dta.1680
http://www.ncbi.nlm.nih.gov/pubmed/24913825
http://dx.doi.org/10.4103/2277-9175.190994
http://www.ncbi.nlm.nih.gov/pubmed/28626744
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5468786
http://dx.doi.org/10.1016/j.phrs.2011.01.003
http://www.ncbi.nlm.nih.gov/pubmed/21220024
http://dx.doi.org/10.1111/j.1472-8206.2011.01008.x
http://dx.doi.org/10.1111/j.1472-8206.2011.01008.x
http://www.ncbi.nlm.nih.gov/pubmed/22044594
http://dx.doi.org/10.2515/therapie:2005061
http://www.ncbi.nlm.nih.gov/pubmed/16268443
http://dx.doi.org/10.1002/mds.23828
http://www.ncbi.nlm.nih.gov/pubmed/21674626
https://www.wada-ama.org/sites/default/files/resources/files/WADA-Revised-2014-Prohibited-List-EN.PDF
https://www.wada-ama.org/sites/default/files/resources/files/WADA-Revised-2014-Prohibited-List-EN.PDF
https://www.wada-ama.org/sites/default/files/resources/files/WADA-Revised-2014-Prohibited-List-EN.PDF
http://dx.doi.org/10.1152/japplphysiol.00289.2019
http://www.ncbi.nlm.nih.gov/pubmed/31414957
http://dx.doi.org/10.1007/s40279-016-0505-1
http://www.ncbi.nlm.nih.gov/pubmed/26939898
http://dx.doi.org/10.1007/s40279-016-0659-x
http://www.ncbi.nlm.nih.gov/pubmed/27933561
http://dx.doi.org/10.1007/s40279-016-0660-4
http://www.ncbi.nlm.nih.gov/pubmed/27933562
https://www.cyclingnews.com/news/xenon-added-to-banned-substances-list/
https://www.cyclingnews.com/news/xenon-added-to-banned-substances-list/
http://dx.doi.org/10.3390/nu11030696
http://www.ncbi.nlm.nih.gov/pubmed/30909645
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6471179
http://dx.doi.org/10.1136/bjsm.2005.019232
http://www.ncbi.nlm.nih.gov/pubmed/16244201
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1725077
http://dx.doi.org/10.1186/1745-6673-1-18
http://www.ncbi.nlm.nih.gov/pubmed/16863591
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1550414
http://dx.doi.org/10.4062/biomolther.2012.20.5.446
http://www.ncbi.nlm.nih.gov/pubmed/24009833
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3762282
https://www.rlsnet.ru/mnn_index_id_535.htm
https://www.rlsnet.ru/mnn_index_id_535.htm
http://dx.doi.org/10.1002/dta.2524
http://www.ncbi.nlm.nih.gov/pubmed/30346653
http://www.ncbi.nlm.nih.gov/pubmed/3582626
http://www.ncbi.nlm.nih.gov/pubmed/19093371
http://www.ncbi.nlm.nih.gov/pubmed/1030669
http://www.ncbi.nlm.nih.gov/pubmed/3234543
http://dx.doi.org/10.1186/1550-2783-3-2-19
http://www.ncbi.nlm.nih.gov/pubmed/18500969
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2129166
http://dx.doi.org/10.1007/s00204-019-02490-x
http://dx.doi.org/10.1007/s00204-019-02490-x
http://www.ncbi.nlm.nih.gov/pubmed/31123801
http://dx.doi.org/10.5604/20831862.1144420
http://www.ncbi.nlm.nih.gov/pubmed/26060342
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4447764
https://www.researchgate.net/publication/349614675

	Abstract
	1. Context
	2. Objectives
	3. Evidence Acquisition
	Table 1

	4. Results
	4.1. Meldonium
	4.2. Trimetazidine
	4.3. Hypoxia-Inducible Factor (HIF) Activating Agents: Xenon and Cobalt
	4.4. Bemethyl
	4.5. 20-Hydroxyecdysone

	5. Conclusions
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Funding/Support: 

	References

