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Abstract

The black market for performance enhancing substances is a popular source for athletes of mass sport. The

goal of an optimized body composition leads unfortunately to the consumption of illegally supplied and

produced products. The health risks due to poor quality, lack of medical indication, false administration, or the

lack of clinical studies are immense.

The products analyzed at the Cologne Anti-Doping Laboratory in order to monitor developments with regard to

novel performance enhancing drugs in 2017, comprised original pharmaceuticals as well as products from

underground laboratories, which were confiscated by customs authorities. In total, the European Monitoring

Center for Emerging Doping Agents (EuMoCEDA)  analyzed 69 products by means of liquid chromatography -

mass spectrometry (LC-MS), gas chromatography - mass spectrometry (GC-MS), and polyacrylamide gel

electrophoresis (PAGE) methods. 91% of the compounds considered relevant for doping controls accounted

for anabolic agents; 4% accounted for peptide hormones, growth factors, related substances and mimetics, and

5% for hormone and metabolic modulators.

Remarkable findings were the detection of modified GHRP-6 and modified hGH both comprising an altered N-

terminus. The administration of synthetic GHRPs results in stimulation of Growth Hormone (GH) secretion,

while hGH is a prescription drug used in case of infantine growth disorders and adult growth hormone

deficiency.  GHRPs and hGH are listed in the WADA Prohibited List and banned for athletes. However, the

effects of an additional glycine at the N-terminus of GHRPs or an additional alanine in case of hGH on the

human body still remain to be elucidated. Furthermore, the variation of target molecules, with or without intent,

represents new challenges for the development of analytical approaches and underlines the importance to

monitor the black market concerning emerging compounds.

Introduction

The goals of mass sport athletes are sociality, fun and fitness by exercise, and last but not least optimizing their

body´s composition. The black market for performance enhancing drugs, comprising original pharmaceuticals

as well as faked products from underground laboratories, arguably aims at providing materials for amateur

athletes [1]. In order to monitor developments with regard to novel performance enhancing drugs, the

European Monitoring Center for Emerging Doping Agents (EuMoCEDA) analyzed a total of 69 predominantly

confiscated products qualitatively and quantitatively in 2017.

The black market for performance enhancing drugs, including original pharmaceuticals as well as faked

products, is a popular source for amateur athletes [1-3].
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Monitoring developments with regard to novel performance enhancing drugs, the European Monitoring Center

for Emerging Doping Agents (EuMoCEDA) analyzed a total of 69 products qualitatively and quantitatively in

2017. Doping-relevant findings accounted in 99 cases for 35 different drugs (multi-findings included), from

which 44% of the ingredients were not or falsely declared.

Experimental

Depending on the formulation (oily solution, lyophilized, etc.), samples were solved or extracted with water,

acetic acid (2% aq.), and/or acetonitrile (50:50 v/v) and subsequently diluted to yield an adequate

concentration of labeled drug content. For gas chromatography, extracted and afterwards dried samples were

reconstituted in ethyl acetate, derivatized with N-methyl-N-(trimethylsilyl)-trifluoroacetamide (MSTFA), or a

mixture of MSTFA/ethanethiol and ammonium iodide, respectively [1]. To screen the most common target

analytes in black market products, high performance liquid chromatography/mass spectrometry (HPLC-MS)

experiments were conducted in single-reaction-monitoring (SRM) mode. Anabolic agents, stimulants, growth

factors, natural and synthetic insulins, IGF-1 and synthetic analogs as well as growth hormone releasing factors

could be  determined by  high  performance  liquid  chromatography / high resolution mass spectrometry

(HPLC-HRMS)-experiments in full-scan mode. Qualification and quantification of analytes were obtained by

conducting product-ion scans with substance specific fragmentation pathways. For gas chromatography / mass

spectrometry (GC-MS) experiments, analytes were derivatized and measured in full-scan mode. Qualitative

and quantitative analysis were accomplished by using reference substances and/or reference databases.

Included substances were anabolic agents, stimulants, beta-2-agonists and narcotics. For the analysis of

proteins, aliquots were separated by polyacrylamide gel electrophoresis and subsequently stained with

coomassie blue. By bottom-up proteomic approaches including tryptic digestion and nano liquid

chromatography/tandem high resolution mass spectrometry, proteinogenic ingredients were identified.

Analytes included, but were not limited to human growth hormone (hGH), growth factors (e.g.: FGF, MGF, etc.),

various erythropoietins (EPO), and growth hormone releasing factors [1].

Results and Discussion

In 2017, a total of 69 suspicious (illicit) black market products were analyzed at the Center for Preventive

Doping Research. As shown in Fig. 2, 91% of the identified doping relevant compounds accounted for anabolic

agents (predominantly testosterone esters); 4% accounted for peptide hormones, growth factors, related

substances and mimetics and 5% for hormone and metabolic modulators. Falsely labeled products with doping

relevant ingredients accounted for 44% (Tab. 1). The analytes, which were currently not doping relevant, were

dermatologic agents, vitamins, and amino acids.
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Table 1: Identified drugs in black market products.
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Figure 2: Apportionment of identified doping relevant drugs in analyzed black market products 2017

Remarkable findings were the detection of modified GHRP-6 (Fig. 3) and modified hGH (Fig. 4). The

application of synthetic GHRPs was found to stimulate Growth Hormone (GH) secretion [4], while hGH is a

prescription drug used in case of infantine growth disorders and adult growth hormone deficiency [5].

Figure 3: Extracted ion chromatogram of the two-fold charged peptide at m/z 465.7409 [M+2H]  (a) and corresponding mass

spectrum (b). High resolution / high accuracy product ion mass spectrum of modified GHRP-6; generated from [M+2H]  m/z

465.74. The inset shows the amino acid sequence of modified GHRP-6 with elemental composition C H N O  and

monoisotopic mass of 929.4660 Da; b- and y-ions are labeled, added glycine at N-terminus.(c).
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Figure 4: High resolution full MS spectra of the confiscated black market product (a) and the recombinant GH reference (b).

Deconvolution yielded approximate molecular masses of 22195 Da for (a) and 22124 Da for (b). Extracted ion chromatogram of

the two-fold charged tryptic signal peptide (T1: AFPTIPLSR) at m/z 501.2906 [M+2H]  (c) and corresponding mass spectrum (d).

The diagnostic product ion mass spectrum shows the detection of a-, b- and y-ions from the peptides backbone, it clearly

identifies the suggested amino acid sequence (e).

Conclusions

GHRPs and hGH are listed in the WADA Prohibited List and banned for athletes [6]. The shift of physiological

effects through modification by addition of an amino acid to the peptide or protein, respectively, is unclear.

Furthermore the variation of target molecules, with or without intent, means new challenges for the

development of analytical approaches. In the meantime, several GHRP-Glycine-analogues (Gly-GHRP-2, Gly-

GHRP-6, and Gly-Ipamorelin) were confiscated, identified and/or charackterized in Germany, Norway, and

Poland [5, 7]. This underlines the importance to monitor the black market concerning emerging compounds.
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