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I ntroduction

According to the Prohibited List of the World Aridieping Agency (WADA), the use of any

unapproved drug for human therapeutic use is lstpeohibited in sports™

The use of performance-enhancing peptides is aiggissue in humali® as well as equine

sports drug testing”’

A product called TB-500, claimed to increase musgtenth and tissue repair in horses and
other mammals, is available on the internet anttiaffy distributed. It is presented as “the
synthetic peptide of the active region of thymo&iata 4 (PB4)”, without any further
gualitative description such as amino acid sequemnaaolecular weight. f4, a 43 amino
acid peptide, is the most abundant member of Wstadsins.!” Its primary function is to
stimulate the production of T cells, which are amportant part of the immune system.
Additionally, T4 has been shown to prevent apoptosis, promotesgellval, angiogenesis,

and tissue regeneration in mice and r&ts.

TB-500 is intended for veterinary use only (10 nog&), but it is legit to suspect its use as
doping agent not only in horse and greyhound radig even in humans. Indeed, TB-500
packages, containing 6 powder vials and physiolgsaline solutions for injection, were
already confiscated by legal officials declaringttthe product was for personal use. In at
least one case this received also world-wide atteritom the media since it was connected
to a former professional athlete which was stillptsged by his team?! while in another
case, a former team doctor was arrested in theepsiss of the substand&”’ These events
suggest that TB-500 might also be used by athfetedoping purposes, although no evidence

for a misuse has been reported so far.



A preventive and proactive approach against theselnformulations containing peptidic
drugs without any clinical approval is mandatorgcluding identification of the active
content of these products, in order to monitomiisuse. Additionally, methods need to be
developed for their detection and preferably, whlracterized reference standards need to be
synthetized. The aim of this work was thereforedentify, to synthesize and suggest an

analytical strategy to detect the active compounglasma and urine.



M aterials and methods

Chemicals and reagents

All the reagents were analytical or HPLC grade.edRaice standard of humar4l was
purchased from Bachem (Weil am Rhein, Germany).

Acetonitrile, water, dichloromethane were purchaeth BioSolve (Lexington MA, USA).
Glacial acetic acid was purchased from Merck (Daadts Germany); Methanol, formic acid,
N,N'-diisopropylcarbodiimide (DIC), 4-dimethylamipgridine (DMAP), N,N-
diisopropylethylamine (DIPEA), piperidine, pyridinémethyl-t-butyl ether (MTBE), and

acetic anhydride were purchased from Sigma-Ald{&h_Louis, USA).

All the fluorenylmethyloxycarbonyl chloride (Fmopyotected amino acids were L-isomers.
Fmoc-Lys(Boc)OH, Fmoc-Thr(tBu)OH, Fmoc-Glu(tBu)OHeme purchased from Nova
Biochem (San Diego, CA, USA). Fmoc-Leu-OH precoat¥&NG-Resin was purchased
from Bachem. Fmoc-GIn(Trt)OH andD-benzotriazole-N,N,N’,N’-tetramethyl-uronium-

hexafluoro-phosphate (HBTU) from Iris Biotech GnBWarktredwitz, Germany).

TB-500

A TB-500 package, confiscated by Belgian Customédua routine control, was delivered to
the laboratory. The sealed vial contained approtetyal0 mg of a white powder. Stock (1
mg/mL) and working solutions (100 pg/mL and 100nmig) of TB-500 and humanf# from

lyophilized powders were prepared by dissolvingrthie aqueous acetic acid (2% v/v).

Liquid chromatography

Chromatographic separation was achieved with aeéyorvMS Pump Plus coupled with a
Surveyor Plus autosampler (Thermo Scientific, Brent@ermany) using a Zorbax RX-C8

reverse-phase column (2.1 x 150 mm, 5 um) fromeigiTechnologies (Santa Clara, USA).



The conditions were the same for both high-resmtuind low-resolution MS experiments.
For each sample, 5 pL were injected. A binary gmaidiwas used: mobile phase A consisted
of water containing 0.2% formic acid; mobile ph&eonsisted of acetonitrile containing
0.2% formic acid. Gradient elution was as followstarted from 100% A for 5 minutes, then
decreased linearly to 0% A in 10 minutes, and [@18% A for 2 minutes. Finally, 95% A
was eluted for 3 minutes to equilibrate the systeniurther injection experiments, for a total

run time of 20 minutes. A constant flow rate of 300min was maintained.

M ass spectrometry

High-resolution mass spectrometry (HRMS) experirmentre performed on an Exactive
benchtop, Orbitrap-based mass spectrometer (Th&amentific, Bremen, Germany). The

instrument operated both in positive full scan M8de and positive higher-energy collision
dissociation (HCD) “all ion fragmentation” MS/MS me at 25 eV. The sheath gas (nitrogen)
pressure was set to 60 (arbitrary units), the auyilgas (nitrogen) pressure set to 30
(arbitrary units) and the capillary temperature teeB50°C. The capillary voltage and spray
voltage were set to 30 V and 3 kV, respectivelye Tistrument operated in full scan mode
from m/z 100-2000 at 100,000 resolving power. The data iaitipun rate was 1 Hz.

Approximately 10 scans were averaged per spectrum.

Low-resolution MS/MS characterization of TB-500 wperformed on a TSQ Quantum
Discovery Triple Stage Quadrupole Mass Spectroméldrermo Scientific, Bremen,

Germany) equipped with an ESI source operatingositipe mode The ESI-MS operating
variables used in this study were as follows: ¢apilvoltage, 3.5 kV; source temperature,
350 °C; sheath gas (nitrogen) pressure, 30 psiliayxgas (nitrogen) pressure, 10 psi; tube

lens offset, 84V.

Data analysis



ProMass software from Thermo Fisher (Bremen, Geynawas used for spectral

deconvolution. Protein Prospector v 5.8:@://prospector.ucsf.edu/prospegtaras used to

compare and match acquired HCD spectra to thoskcpedin silico. Mass tolerance was set

at 5 ppm.

Synthesis of the peptide

Ac-TB4(17-23) was synthesized using a standard Fmoc{8B®col. ™ The C-terminal
amino acid (FmocGIn(Trt)OH) was already coupled WANG-resin with 0.63 mmol/g
loading. Subsequent coupling of amino acids wagesel using 3eq amino acid, 3eq HBTU
as activator and 6eq DIPEA as base in DMF. Afteheaoupling, including the coupling to
WANG-resin the protective Fmoc group was removeth\2i0% (v/v) piperidine in DMF.
Acetylation of the N-terminus was achieved with Jddetic anhydride in pyridine. The

peptide was cleaved from the resin using Reagéetft Knd precipitated in MTBE.
Analysis of spiked plasma and urine

2 ml of blank plasma and 2 ml of blank urine wepiked with the peptide at 500 pg/ml. 2 mi
of saturated ammonium sulfate (Merck, Darmstadty@ay) solution were added to plasma
and the samples were centrifuged (4100 g, 1 h, 26Qrecipitate plasma proteins. Both
plasma and urine were then acidified with 50 ul@% formic acid and processed by solid-
phase extraction (SPE) using Oasis MCX (60 mg)ridaes, purchased from Waters
(Milford, USA). The column was first activated with ml of methanol and subsequently
rinsed with 2 ml of 5% acetic acid. After the saeplas loaded, the column was washed first
with 2 ml of 5% acetic acid, then with 2 ml of matiol. Finally, samples were eluted with
1.25 ml of a solution consisting of 80:20 methabidl:ammonia. The eluate was evaporated
to dryness with a centrifugal evaporator (45°C, gj0and then dissolved in 100 pl of 95:5

water:acetonitrile, containing 0.1% formic acid.



Results

HRM Sidentification of the active content of TB-500

Solutions of TB-500 were first injected for HPLC-NFS analysis in order to identify the
active ingredient(s) in the formulation. Total iohromatogram showed one main peak, which
could be assigned to originate from a peptide-itacture at,t 9.1 min. The full scan MS
spectrum (data not shown) revealed the presentveoafnolecular ions of the same molecule,
respectively 445.2532 ([M+2H]) and 889.4988 ([M+H). Spectrum deconvolution provided
a molecular weight (MW) of 888.4910. It was immeeliga evident that TB-500 did not
contain the endogenou$d (MW: 4963.4642). Therefore, elucidation of theusture of the
detected species was accomplisheddbynovo sequencing based on HCD of the peptide
precursor at 25 e\b" andy’ ions allowedde novo sequencing of the peptide through direct
matching with theoretical data. As shown in Figdf@) and summarized in Table 1, a
heptapeptide was detected, corresponding to th231ffagment of human & (sequence:
LKKTETQ). Additionally, allb® ions showed a positivevz shift of 42.0105 with respect to
the T4 fragment, indicating the presence of an acetylat¢erminus. The identified peptide
(theoretical MW 888.4911) will be further referrdd as Ac-PB4(17-23). Finally, a
confirmation of the structure was given after swsik of the peptide, as shown by the HCD
spectrum depicted in Figure 1(c), by comparisomespective NMR spectra in Figure 1(b)
and 1(d), and the chromatograms in Figure 2. Whegnadient with a slower increase was
used for TB-500 (0% to 20% B in 10 minutes instead% to 100% B) to check for the
presence of coeluting substances or stereoisornngpigrities still a single peak was observed
(data not shown). No other active substances dpiexts were detected during the analysis.

Low-resolution MS/M S of Ac-TB4(17-23)



Low resolution MS/MS data can provide useful infatian to monitor in a sensitive way the

presence of these substances by selected reaatioitonmg (SRM).

The product ion scan spectrum (20 eV) of AB#{17-23) of the parent ion [M+2H&]at m/z
445.5 shows an elevated number of fragments, inguthe completey andb ion series and
several internal fragments. These results are tbpin Figure 3. Additionally, Table 2 shows
the results from optimization of MS parameterstfer SRM detection of the compound. The
product ions aiw'z 84.1 and 129.1, related to the glutamine and ¢yséisidues were the most

abundant.

Discussion

TB-500 is one of several formulations availabletio@ online market that contain a peptidic
drug which is claimed to enhance sport performangdihough it is marketed only for
veterinary use it is sold to non-veterinarians &l wia the internet and there is anecdotal
evidence that is probably used by athletes. Inlaise years, several research groups have
investigated and highlighted the increasing probleinthe use of non-approved designer
peptide§™!, which were often only identified after the prottuhiad been confiscated by

Custom Police officers.

Ac-TB4(17-23) corresponds to the acetyl derivative @f thajor actin-binding site off4,
that has been shown to promote angiogenesis, wioealihg and hair growtin vitro and in
animal models*® Therefore, the plausible rationale for use of T®3&n doping lies in the
role of Ac-Tp4(17-23) in tissue growth and regeneration, whigh loe particularly important
for recovery after intense workout or competitidhe non-acetylated form of the peptide has

been detectedn vivo as an endogenous degradation product P4, ¥ whereas the



acetylated form is not described. N-terminal a@iyh is a common strategy in drug
development of peptides to increase the half-tfed therefore the activity, of peptidé¥’
This acetylation should allow for a clear diffetiation between endogenous and exogenous
TB4 in biological samples, although metabolic dedaétn should be investigated.The
absence of reference standards for most of th& reaket peptides, including AcB#(17-
23), presents a problem in doping control concernthe fulfillment of compound
identification criteria. Moreover, some of theseogucts contain different ingredients as
officially claimed in the product description Thes#ifferences include amino acid
substitution, truncation, or other chemical modifions. Additionally, due to the lack of
information on pharmacokinetic properties of theppde and the ethical impossibility to
administer these unknown preparations to healthynteers, its urinary or serum detection
can generally only be postulated. Due to its reddyi low molecular weight, renal excretion
could be expected, with sub-nanogram urinary camagon similarly to other oligopeptides
[15.18] byt this educated guess needs to be confirmedrimemally. However, in order to
provide useful indication for the detection of tiikact peptide, urine samples were spiked
with Ac-Tp4(17-23) and processed by protein precipitationy(dor plasma samples) and
solid-phase extraction (SPE) before LC-MS analySigure 4 shows the detection of Ac-
TPR4(17-23) both in urine and plasma spiked at a eotnation of 0.5 ng, using product ions
at m/z 129.0 and 606.4 from precursor ion at m/z.Bl4Awaiting more pharmacokinetical
information from approved administration studieshiomans or, taking into account the
ethical aspects more likely, other species, thénaatsuggest to monitor misuse of this

peptide in plasma and/or urine with these protocols
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Figure captions

Figure 1

HCD MS/MS recorded at 20 eV (a) and 700 MHz-NMR gpégctra of TB-500. The structure
of the peptide was confirmed after synthesis of AbeTp4(17-23), which presents identical

MS/MS (c) and NMR (d) spectra.

Figure 2

TIC and base peak chromatogram for TB-500 (a,H®,synthesized Acffa(17-23) (c, d),

and Tp4 (e, f).

Figure 3

Full scan MSMS spectrum of Acf(17-23) at 20eV.

Figure 4

Detection of Ac-P4(17-23) in plasma (b) and urine (d) after foration with 0.5 ng of

peptide. The peptide was not detected in blanknpda&) or in blank urine (c).



Table captions

Table 1

Identification of Ac-B4(17-23) based on matching between the experimamigin silico

data orb ions from HCD experiments.

Table 2

Main results from MSMS optimization of Acg#(17-23) from TB-500.
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Tablel

(b theor  (B) exp Appm Amino acid (VY iheor (V)exe ~ Bppm
156.1019 156.1020 -0.6 1 (Acetyl)L 7 - - -
284.1969 284.1969 0.0 2 K 6 734.4043 734.4042 0.1
412.2918 412.2918 0.0 3 K 5 606.3093 606.3094 -0.2
513.3395 513.3396 -0.2 4 T 4 478.2144 478.2145 -0.2
642.3821 642.3817 0.6 5 E 3 377.1667 377.1670 -0.8
743.4298 743.4297 0.1 6 T 2 248.1241 248.1240 0.4

- - - 7 Q 1 147.0764 147.0765 -0.7




Table?2

Precursorion Production Fragment Collision E  Abundance
(m/z) (m/z) (eV) (%)
84.1 Q/K 41 100
129.1 Q/K 28 92
445.5 86.1 L 34 55
606.4 Ys 17 16
588.3 KKTET 18 9




