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Meldonium residues in milk: A possible scenario for
inadvertent doping in sports?
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Abstract
Lately, the veterinary drug Emidonol® has been discussed as a possible scenario for
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inadvertent doping in sports. Emidonol® is approved for use in livestock breeding,
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unchanged form into urine. To investigate if residues of meldonium in edible produce

exhibiting antihypoxic and weak sedative effects. The veterinary drug rapidly dissociates into meldonium, a substance prohibited in sports, and is excreted largely in its
may result in adverse analytical findings in sports drug testing, a pilot study was conducted with three volunteers consuming a single dose of 100 ml meldonium-spiked
milk at a concentration of 500 ng/ml (Study 1), and multiple doses of 100 ml of
meldonium-spiked milk (500 ng/ml) on five consecutive days (Study 2). In the single

Funding information
Bundesministerium des Innern, für Bau und
Heimat; Manfred Donike Institut für
Dopinganalytik e.V.

dose study, urinary meldonium concentrations peaked between 2 and 6 h postadministration with maximum values of 7.5 ng/ml, whereas maximum meldonium
concentrations of 18.6 ng/ml were determined after multiple doses 4 h post-administration. All samples were analyzed using an established and validated protocol based
on HILIC-HRMS/MS.
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I N T RO DU CT I O N

meldonium was detectable in urine even after 218 days following a
daily meldonium treatment over a period of 3 weeks.4 In order to

In 2016, meldonium was included in the World Anti-Doping Agency's
1

facilitate the result managing process, a reporting limit of 100 ng/ml

(WADA) list of prohibited substances. However, result management

was introduced by WADA.5 Moreover, result managing is further

has been challenging since meldonium demonstrated prolonged uri-

complicated since inadvertent doping, for example, by nutritional

nary detection windows. Following an oral administration of a single-

supplements

(500 mg) and multiple-dose (5  500 mg), meldonium detection win-

analytical findings (AAFs) in sports drug testing. Meldonium

dows in urine were 64 and 117 days, with the urinary excretion being

(3-[2,2,2-trimethylhydrazinium]propionate) was developed in the late

characterized by two elimination phases exhibiting a rapid increase of

1970s as a growth promoting agent for animals.6–8 Lately, the veteri-

urinary concentrations during a short first phase (Cmax: 6 h post-

nary

administration) followed by a long second phase with low concentra-

2-ethyl-6-methyl-3-hydroxypyridine disuccinate, Figure 1) has been

tions below 1 μg/ml.2 In a study by Forsdahl et al., urinary detection

discussed as a possible scenario for inadvertent doping in connection

times after multiple (n = 3) parental doses of 250 mg meldonium var-

with meldonium.9 According to its antihypoxic and weak sedative

3

ied between 94 and 162 days.

Rabin et al. demonstrated that

drug

or

contaminated

Emidonol®

food

may

lead

to

adverse

(3-[2,2,2-trimethylhydrazinium]propionate-

effects, Emidonol® is used in livestock breeding, for example, for the
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F I G U R E 1 Chemical structure of the
Emidonol® complex

treatment of cows via injection or chicken as a drinking water addi-

2.3

|

LC-MS/MS

tive. In animals, the drug complex is rapidly metabolized to meldonium
which is then excreted in its unchanged form. In a recent study,

Urine samples were analyzed following a HILIC-HRMS/MS approach

meldonium concentrations determined in raw milk were up to

published previously.10 Briefly, the approach utilized an online sample

9

701 ng/ml, in chicken meat 260 ng/g, and in chicken liver 995 ng/g.

clean-up using a dual pump setup equipped with Nucleodur HILIC col-

To investigate if contaminated food can possibly result in AAFs in

umns (Macherey-Nagel, Düren, Germany) and a mobile phase that

doping controls, a pilot study was conducted with three volunteers

consisted of a 200 mM ammonium acetate buffer containing 0.15%

consuming a single dose of 100 ml milk containing meldonium at a

acetic acid (pH 5.0), deionized water, and acetonitrile. The Q exactive

concentration of 500 ng/ml (50 μg absolute) and multiple doses of

mass spectrometer (Thermo Scientific, Bremen, Germany) was oper-

100 ml of meldonium-containing milk (500 ng/ml) at five consecutive

ated in t-HCD acquisition mode (precursor ion: m/z 147.1126, NCE:

days. All samples were prepared using an established and validated

50%, resolution: 35000 FWHM).

protocol based on HILIC-HRMS published earlier.10

2.4
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Sample preparation

EXPERIMENTAL

|

An aliquot of 270 μl of urine was fortified with 30 μl of the internal

2.1

|

Chemicals

standard (meldonium-d3, 1 μg/ml). The mixture was further diluted
with 100 μl of a 100 mM ammonium acetate solution and 700 μl of

The reference compound meldonium dihydrate and meldonium-d3

acetonitrile. The sample was mixed, and an aliquot of 10 μl was

were purchased from LGC (Wesel, Germany). Acetonitrile was

injected into the LC-MS/MS instrument. For quantitative estimation

obtained from VWR International (Darmstadt, Germany). Acetic acid

of meldonium, a 6-point calibration curve was used within a working

and ammonium acetate were supplied by Merck (Darmstadt, Ger-

range of 1–25 ng/ml.

many). Deionized water was obtained from a water purification system (Sartorius Stedim Biotech S.A., Aubagne, France).
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Post administration urine specimens

3.1

RESULTS AND DISCUSSION

|
|

Post-administration specimens

For the single-dose study, three male, healthy volunteers (V) (age: 34–

Representative extracted ion chromatograms using HILIC-HRMS/MS

47 years; weight 75–95 kg) consumed 100 ml of pasteurized milk con-

of a blank urine sample, a calibration point at a concentration of 5 ng/ml,

taining meldonium at a concentration of 500 ng/ml (50 μg absolute) and

and a post-administration sample after 6 h (Cmax: 7.5 ng/ml) are illus-

provided urine samples for the next 48 h (Study 1). The same volunteers

trated in Figure 2. For semi-quantification, the relative area of the prod-

ingested 100 ml of meldonium-spiked milk (500 ng/ml) at five consecu-

uct ions at m/z 58.0651 (meldonium) and m/z 61.0848 (meldonium-d3)

tive days to investigate a multiple-dose scenario (Study 2). Here, urine

was used. In the single dose study, urinary concentrations of

samples were provided at 0, 4, 8, and 12 h post consumption for 144 h

meldonium peaked between 2 and 6 h post-administration (Figure 3). In

(6 days), and one sample on Day 7. Ethical approval was obtained from

detail, V1 (green) reached a Cmax of 5.7 ng/ml after 2 h, V2 (red) a Cmax

the local ethics committee of the German Sport University Cologne

of 7.4 ng/ml after 4 h, and V3 (blue) a Cmax of 7.5 ng/ml after 6 h (mean

(#027/2021), and all volunteers provided written informed consent.

6.0 ng/ml). The urinary concentrations rapidly decreased within the

3

GUDDAT ET AL.

F I G U R E 2 Extracted ion chromatograms of meldonium (m/z 147.1128; resolution: 17,500 FWHM, NCE: 50%) of a blank urine sample, a
spiked urine sample at 5 ng/ml and a post-administration urine sample (6 h) at a concentration of 7.5 ng/ml [Colour figure can be viewed at
wileyonlinelibrary.com]

F I G U R E 3 Excretion profiles
of meldonium following a singledose of 50 μg meldonium in milk
(n = 3). (a) Average with error
bars indicating minimummaximum values, (b) individual
excretion profiles of V1–V3
[Colour figure can be viewed at
wileyonlinelibrary.com]

first 10 h resulting in “blank” urine specimens (V1–V3) 21–36 h post-

contamination scenario, the same three volunteers ingested 50 μg

administration. Possible accumulation effects of meldonium in the

meldonium on five consecutive days. Here, maximum urinary concen-

human body were described earlier.2 To test for increasing urinary

trations of 14.8 to 18.6 ng/ml (V1–V3) were determined 4 h post-

meldonium concentrations over time and to simulate a multiple-dose

administration (mean 15.5 ng/ml). Comparably to the single-dose
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F I G U R E 4 Excretion profiles
of meldonium following a
multiple-dose of five times 50 μg
meldonium (five consecutive
days) in milk (n = 3). (a) Average
with error bars indicating
minimum-maximum values,
(b) individual excretion profiles of
V1–V3 [Colour figure can be
viewed at wileyonlinelibrary.com]

study, urinary meldonium concentrations rapidly decreased within
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12 h, and all volunteers provided “blank” urine specimens 24 h after

The data that support the findings of this study are available from the

ingestion on each of the 5 days (Figure 4). As expected, the urinary

corresponding author upon reasonable request.

excretion profiles of the volunteers demonstrated no significant
increase in urinary concentrations (Cmax) over time; thus, accumulation
effects for low meldonium micro-doses are supposed to be negligible.
All displayed values were corrected for specific gravity.
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C O N CL U S I O N

Since little information is available on meldonium residues in food products, a recent study was dedicated to investigate milk of Emidonol®treated cows, which yielded drug concentration levels of up to approximately 700 ng/ml. To investigate if such a contamination scenario may
result in AAFs in sports drug testing, a single- and a multiple-dose application study was conducted. Here, maximum urinary meldonium concentrations of 7.5 ng/ml after a single dose (50 μg) and 18.6 ng/ml after
a multiple dose (5  50 μg) were observed within 2–6 h after spiked
milk intake, which is in accordance with previously published articles.2–
4

The obtained data demonstrate that the currently applicable reporting

level of 100 ng/ml was not exceeded under the chosen conditions;
nevertheless, it cannot be excluded that the consumption of larger
amounts of milk (e.g., 1 L/day) containing meldonium residues at the
previously reported concentration levels could lead to urinary
meldonium concentrations greater than 100 ng/ml, thus creating a
realistic scenario for inadvertent doping in sports.
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