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Abstract. The development of a new class of erythropoietinmimetic agents (EMA) for
treating anemic conditions has been initiated with the discovery of oligopeptides
capable of dimerizing the erythropoietin (EPO) receptor and thus stimulating eryth-
ropoiesis. Themost promising amino acid sequences have beenmounted on various
different polymeric structures or carrier molecules to obtain highly active EPO-like
drugs exhibiting beneficial and desirable pharmacokinetic profiles. Concomitant with
creating new therapeutic options, erythropoietin mimetic peptide (EMP)-based drug
candidates represent means to artificially enhance endurance performance and
necessitate coverage by sports drug testing methods. Therefore, the aim of the
present study was to develop a strategy for the comprehensive detection of EMPs

in doping controls, which can be used complementary to existing protocols. Three model EMPs were used to
provide proof-of-concept data. Following EPO receptor-facilitated purification of target analytes from human
urine, the common presence of the cysteine-flanked core structure of EMPswas exploited to generate diagnostic
peptides with the aid of a nonenzymatic cleavage procedure. Sensitive detection was accomplished by targeted-
SIM/data-dependent MS2 analysis. Method characterization was conducted for the EMP-based drug
peginesatide concerning specificity, linearity, precision, recovery, stability, ion suppression/enhancement, and
limit of detection (LOD, 0.25 ng/mL). Additionally, first data for the identification of the erythropoietin mimetic
peptides EMP1 and BB68 were generated, demonstrating the multi-analyte testing capability of the presented
approach.
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Introduction

The elucidation of the cytokines pathway which, amongst
others, can be assigned to interleukins, thrombopoietin, or

erythropoietin (EPO), has facilitated the development of mod-
ern pharmaceuticals by emulating essential physiological fac-
tors [1, 2]. For a therapeutic enhancement of erythropoiesis, the
spectrum of available drugs spans from low molecular HIF-
stabilizers and obsolete cobalt administrations to high molecu-

lar mass drugs, including different forms of recombinant eryth-
ropoietin [3]. However, the distinct benefits in anemia treat-
ment through erythroblast-increasing effects are subordinated
in case of EPO misuse for endurance enhancement.
Implementing the sophisticated Phage Display Technology
(PDT) into pharmaceutical proceedings entails a fast and cus-
tomized in vitro method to screen for highly specific active
peptide regions that interact with physiological structures of
interest [4]. The acquired peptide libraries establish the fund of
the modern medicinal drug treasury and are utilized for e.g.,
full human antibody modeling and manufacturing [5, 6]. Fast
evolving classes of bioactive substances pose unforeseen com-
plications for analytical procedures and fast adaptable methods
are desirable in sports drug testing. The common approach to
enzymatically digest a congeneric group of proteins on a
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typical cleavage site with a subsequent determination of
matching fragments (bottom-up determination) is susceptible
to misinterpretation when these structures exhibit small and
selective amino acid variations. This issue requires attention,
particularly when small oligopeptides of analytical interest,
e.g., erythropoietin mimetic peptides (EMP), are integrated in
high molecular mass protein-based carriers or immunoglobulin
structures. These designated EMPs are capable of mimicking
the effect of EPO and exhibiting the desired EPO-receptor
(EPOR) affinity after covalent dimerization of two peptidic
monomers [7, 8]. The temporarily approved drug peginesatide
(Omontys), the pre-release form of an EMP-carbohydrate
product AGEM400(HES) [9], and the modified pipeline
immunoglobulin CNTO530 [10] include slightly different
EMP sequences modeled after the consensus sequence
published by Wrighton et al. in 1996 [11]. Hitherto,
two methods were implemented successfully into anti-doping
analysis to reveal peginesatide abuses and based upon the use
of bottom-up protein characterization by means of liquid
chromatography/tandem mass spectrometry (LC-MS-MS) or
immunoaffinity-purification and -detection [12, 13]. The pres-
ence of an inner cysteine-enclosed core in all currently pursued
EMPs enables exploiting this feature for analytical purposes. In
1973, Jacobson et al. developed a cysteine-specific chemical
cleavage of proteins at the amino acids alpha amide bond,
which was optimized by Tang and Speicher in 2004 [14, 15].
The hydrolysis depends on the utilization of 2-nitro-5-
thiocyanobenzoic acid (NTCB) under alkaline conditions with
an additional high nucleophilic agent (glycine) generating a N-
terminal acyliminothiazolidine (ait) residue. The previously
mentioned erythropoiesis-stimulating drug candidates
AGEM400(HES) and CNTO530 are representative for upcom-
ing EMP structures, which can also be used as anemia thera-
peutics or misused for doping purposes to enhance endurance.
Thereby, the lead compound of all erythropoietin mimetic
peptides with the highest activity—EMP1—is integrated twice
as a small part in CNTO530, a so called Mimetibody Technol-
ogy product of Janssen Biotechnology (formerly known as
Centocor) [16]. The EMPs of the active hydroxyethyl starch-
polymer AGEM400(HES), the multi-bound EMP-dimer
BB68, comprise an amino acid exchange similar to
peginesatide (1-naphtyl alanine for tryptophane) [17]. With a
growing EMP market, test methods largely independent from
the drug’s support molecules are vital for modern doping
controls. Hence, the EMPs’ capability to bind to the EPO-
receptor was used for sample preparation and target analyte
extraction prior to applying a low-cost chemical cleavage.
Subsequent analysis was conducted with nano-liquid
chromatography-electrospray ionization and high-resolution/
high-accurate detection by utilizing quadrupole Orbitrap mass
spectrometric equipment, which provided adequate sensi-
tivity as demonstrated with the model substance
peginesatide. Furthermore, first data concerning the detection
of AGEM400(HES) and CNTO530 were generated by means
of their EMP sequences, which served as surrogates in the
absence of authentic drug reference material.

Experimental
Chemical and Reagents

The monomeric peptide of peginesatide, the Gly[15N, 13C2]
labeled analog, as well as the BB68 and EMP1monomers were
obtained from BMFZ at the Heinrich-Heine University
(Düsseldorf, Germany), and the active ingredient of the drug
peginesatide—Omontys—was synthesized in-house [18]. The
reagents for the cysteine-specific cleavage reaction in the form
of 2-nitro-5-thiocyanobenzoic acid (NTCB), DL-dithiothreitol
(DTT), glycine, sodium hydroxide, and the reagents for the
synthesis COMU, Fmoc-iminodiacetic acid (F-IDAA),
diisopropylethylamine (DIEA) and dimethylformamide
(DMF) were purchased from Sigma Aldrich (Steinheim, Ger-
many). The EPOR-Fc fusion protein, utilized in the
prepurification steps was obtained from R&D Systems (Min-
neapolis, MN, USA). Additionally, the protein A/G beads with
10 mg/mL and the C18 spin columns for the desalting proce-
dure were purchased from Pierce Protein Biology Products
(Rockford, IL, USA). For the ultrafiltration processes, 15 mL
30 kDa MWCO centrifugal filter units from Merck-Millipore
(Darmstadt, Germany) were utilized. Additionally, the ready-
to-use tablets for the phosphate-buffered saline solution pH 7.4
(PBS), [100 mM sodium chloride, 80 mM Na2HPO4, 20 mM
NaH2PO4 × 1 H2O] were also purchased from Sigma Aldrich
(Steinheim, Germany). For all buffers and aqueous protein
solutions deionized water of Milli-Q quality was utilized.

Synthesis of the Internal Standard (ISTD)

As reported in prior studies, a dimerization of EMP provides a
significant increase towards the binding affinity at the EPOR
[8]. Therefore, an appropriate internal standard for peginesatide
with a similar receptor kinetic behavior was synthesized. In
accordance with the dimeric pharmacophore of peginesatide,
the labeled monomers were linked to COMU-activated Fmoc-
iminodiacetic acid via the N-terminal lysine residue by gener-
ating an amide bond. To limit the extent of potential side
reaction products, equal stoichiometric ratios of the monomer,
COMU, and the linker with 2:2:1 were applied, and the syn-
thesis was carried out in DMF. Herein, after a 1 h of pre-
activating Fmoc-IDAA under alkaline DIEA conditions, the
linker was added dropwise to the peptide. After 24 h reaction
time, Fmoc was removed by adding an excess of piperidine. At
the end of the synthesis, the dimer was purified by means of a
semipreparative liquid chromatography apparatus equipped
with an Eclipse XDB-C18 column (4.6 × 150 mm; Agilent
Technologies, CA, USA). A detailed scheme with the LC-MS
monitoring of the whole synthesis can be found in the Supple-
mental Information (Figure S-1).

Stock and Work Solutions

Working solutions containing peginesatide, the peginesatide-
and BB68-monomer, and EMP1 were prepared from stock
solutions (1 μg/mL) by dilution to concentrations of 1 ng/mL
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in deionized water. The stock solution of the internal standard,
Gly[15N, 13C2]-labeled peginesatide monomer, also contained
1 μg/mL of the analyte, and was diluted 1:3 with deionized
water to yield the corresponding working solution.

Sample Workup and EPOR Prepurification

For all specimens, 15 mL aliquots of fresh blank urine obtained
from a healthy male volunteer were utilized. To enrich eryth-
ropoietin receptor agonists and diminish disturbing back-
ground interferences, an EPOR-based prepurification accord-
ing to earlier published studies was carried out [19]. Prior to an
ultrafiltration of urine and subsequent receptor-facilitated EMA
enrichment, the urine was fortified with respective amounts of
each analyte and transferred into the filter devices. After
conducting the centrifugation and washing procedures, 3 μL
of the ISTD working solution was added to the urine retentates.
To adjust the final incubation volume to 1 mL per retentate,
differences were compensated and accounted for with PBS. All
receptor coated beads were treated with 100 μL of 5mMBS3 in
phosphate-buffered saline (pH 7.4) to avoid receptor co-elu-
tion. The prepared urine concentrates were incubated with the
EPOR-Fc beads overnight at 4°C.

Cysteine-Specific Cleavage Procedure

After eluting the EMA enriched EPOR-beads twice with 50 μL
of 2% acetic acid at 37°C for 30 min, the volume of the
obtained slurry was reduced by means of a vacuum concentra-
tor at 45°C. To a residue of approximately 10 μL, 2 μL of 20%
ammonium bicarbonate solution was added to neutralize rem-
nants of acetic acid. By adding 10 μL of 10 mM ammonium
bicarbonate solution and 5 μL of fresh 0.01 M DTT, the
disulfide bonds were reduced to their respective free thiols at
70°C for 30 min under constant stirring. Afterwards, the one
pot cleavage procedure was completed via the addition of
20 μL of 1 M aqueous glycine solution, pH 9.5, and
16 μL of NTCB solution [1 mg/mL] directly into the
specimen. The whole reaction was incubated for at least
16 h at 37°C. Owing to the mesomeric stabilization of the
carboxy-nitrobenzenethiolate anion, the reaction progress
could be monitored by an increase of the sample color
from colorless to dark yellow (λ = 412 nm). A subsequent
desalting procedure via C18 Spin Columns in accordance
to the manufacturer’s protocol allowed for the removal of
excess glycine, DTT, and NTCB prior to the LC-MS measure-
ments. The purified extracts were evaporated and reconstituted
in 50 μL of 2% acetic acid. The respective proposed molecular
cleavage mechanism is shown in the Supplementary Informa-
tion in Figure S-2.

LC-MS(/MS)

High resolution full scan MS measurements conducted during
the ISTD synthesis with FWHM = 30.000 were accomplished
using an Agilent Technologies (Waldbronn, Germany) HPLC
coupled to an ABSciex (Darmstadt, Germany) TripleTOF

5600. The system was equipped with a Thermo Fisher Scien-
tific (Dreieich, Germany) Accucore XL C8 (4 μm particle size,
100 × 3mm) analytical column, andmobile phases consisted of
aqueous formic acid 0.2%, pH 2 (solvent A) and acetonitrile as
organic modifier (solvent B) for optimal ESI conditions. There-
by, the gradient decreased from 100% A to 10% A with
0.25 mL/min within 10 min. The subsequent re-equilibration
time was 5 min. Method development for measuring the model
compounds peginesatide, BB68, and EMP1 from human urine
and respective method characterization studies were performed
using a Waters (Eschborn, Germany) nanoAcquity liquid chro-
matography system coupled to a Thermo Fisher Scientific Q
Exactive with positive nano-electrospray ionization. The sys-
tem was operated with a PicoChip Reprosil-pur C18 nanospray
column (New Objective, Woburn, MA, USA) with a particle
size of 3 μm and dimensions of 100 mm × 0.75 μm. After the
injection of 2 μL, a subsequent enrichment of the analytes was
ensured via a trapping column over a period of 4 min by using a
flow rate of 8 μL/min. As eluents, 0.1% (v/v) formic acid as
aqueous (A) and acetonitrile/formic acid 0.1% as organic phase
(B) were utilized. At a flow rate of 0.35 μL/min, gradient
elution was chosen starting at 99% (A) decreasing to 30%
(A) in 20 min. Followed by a 1-min wash phase with 10%
(A), the column was re-equilibrated at starting conditions for
8 min. TheMS setup consisted of a combination of selected ion
monitoring (t-SIM) including the ions [M + 2H]2+ at m/z
568.75 for the analyte and 570.25 for the ISTD and data
dependent MS2 (ddMS2) experiments. For the t-SIM experi-
ments, the isolation window was set at 2 m/z. The cleavage
products of the BB68 and EMP1 monomers yielded doubly
protonated molecules at m/z 592.28 and 571.26. All mass-to-
charge calculations based upon the exact mass of each analyte
are shown in Figure 1. The resolution was set to 70.000 and
17.500 for the t-SIM selection and for the ddMS2, respectively.
All ddMS2 experiments were acquired at a collision energy
(CE) of 25 eV. To confirm the presence of the analytes, all
determinations were performed in accordance to the WADA
TD2010IDCR [20]. Thereby, the polyethylene glycol moieties
of peginesatide were not part of the analysis.

Method Characterization
Method characterization was conducted for the model sub-
stance peginesatide regarding the parameters specificity, line-
arity, precision, recovery, stability, limit of detection (LOD),
and ion suppression/enhancement in conformity with the
WADA and FDA guidelines of analytical procedures [21,
22]. Showing the general applicability of the method for further
analysis was one of the main proof-of-concept parameters.

Specificity

To probe for the method’s specificity, three ISTD-spiked blank
urine concentrates of an initial volume of 15 mL underwent
cysteine-specific cleavages and subsequent analysis as reported
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Figure 1. Primary structures of (a) peginesatide, (b) isotopically labeled peginesatide, (c) EMP1 (CNTO530), and (d) BB68
[AGEM 400(HES)] according to the consensus sequence published by Wrighton et al. The enlarged sequence tags
illustrate the location of the peptide cleavage sites and the resulting target analytes. Ac = Acetyl, Sar = Methylglycine, 1-
nal = Naphtylalanine
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above. Additionally, another three aliquots spiked with 25 ng
of peginesatide/mLwere pretreated with aIGF1 beads to test for
unspecific binding at magnetic beads [19]. Finally, three 15mL
aliquots containing peginesatide at 25 ng/mL were receptor-
purified with EPOR-Fc beads and prepared for analysis.

Linearity

The linearity was tested using spiked urine samples by creating
a calibration curve with samples spiked to 0.25, 1.0, 5.0, 10,
and 25 ng/mL of peginesatide. Since no quantitative approach
was intended, calibrators were analyzed only once.

Intraday Precision

Blank urine was fortified with 1, 10, and 25 ng peginesatide per
mL and the obtained specimens were stored at 4°C until use.
All concentration levels were prepared with 4 replicates of
15 mL each and analyzed via LC-MS to determine the intraday
precision.

Recovery

Four aliquots of blank urine were spiked and worked up with
5 ng/mL peginesatide and 3 μL of ISTD in accordance to the
EPOR prepurification protocol reported above. Simultaneous-
ly, another set of four samples of blank urine was treated the
same way solely in the presence of 3 μL of ISTD without the
addition of peginesatide. After the overnight incubation and
washing steps, the same amount of 5 ng/mL peginesatide was
spiked into the analyte-free retentates to resemble the samples
of best-possible recovery (100%). Afterwards, all eight aliquots
were subjected to the chemical cleavage procedure and the
EPOR-specific extraction efficiency (recovery) was deter-
mined by comparing the signal responses of the target analytes.
To probe for the completeness of the chemical cleavage, 1 ng/
mL of pure peginesatide monomer was hydrolyzed. After-
wards, the monomer-to-acylisothiazolidine product ratio was
determined by mass spectrometry, showing no remainders of
the monomeric peginesatide sequences. Thus, an entire con-
version of the peptides was assumed.

Stability

To exclude any influence of reagents or acidic conditions on
the p roduced t a rge t ana ly t e , i n pa r t i c u l a r t h e
acyliminothiazolidine residue, three aliquots of 10 μL
peginesatide stock solution were hydrolyzed and measured
directly and after 6 d. The samples were stored airtight at
10°C in Eppendorf Cap tubes until re-analysis.

LOD

Three replicates at 0.1 ng/mL, 0.25 ng/mL, and 0.5 ng/mL each
were utilized to determine the limit of detection. Thereby, the
signal to noise ratio (S/N) of >3 had to be fulfilled.

Ion Suppression/Enhancement

To test for a potential influence of the matrix or the remaining
chemicals on the peak area intensity, three blank urine EPOR-
purified eluates, 1 M glycine/NTCB solution aliquots, and
three samples of pure water were fortified with 0.45 pmol/mL
of cleaved and C18 purified peginesatide reference (equally
10 ng/mL of intact peginesatide). The subsequent measure-
ments were assessed concerning increasing or decreasing sig-
nal responses.

Results
Owing to the partial elimination of peginesatide into urine after
parenteral application, doping control urine samples represent a
viable matrix for sports drug testing concerning this EMA [23].
In consideration of intended therapeutic dosages of 0.04 mg/kg
body weight and reported cumulated urinary concentrations of
approximately 70% of the initial single dose after 336 h, the
herein used spiked amounts of the analyte simulate authentic
levels [24, 25].

LC-MS/MS

As shown in Figure 1, the acylisothiazolidine products of the
model substances comprise substantial sequence homologies,
all of which are unequivocally differentiated by the conducted
ddMS2 experiments yielding characteristic dissociation pat-
terns. The expected and observed ion transitions for
peginesatide and the corresponding ISTD are listed in detail
in Table 1. The doubly charged molecules atm/z 568.7539 and
570.2550 (±2.5 ppm), respectively, were used as precursor ions
producing a series of diagnostic a, b, and y′′ product ions that
conclusively corroborated the assigned amino acid sequences
of the analytes (Figure 2). In addition, peginesatide and BB68
comprise the artificial amino acid 1-naphthylalanine, a modifi-
cation commonly used to lower enzymatic degradation of
therapeutic peptides in vivo [23], giving rise to the product
ion at m/z = 170.0964. For semiquantitative analytical pur-
poses, the precursor ion plus additional information as obtained
from the two most significant ion transitions (568.754-
170.096; 568.754-747.306) was utilized.

Analytical Method Characterization

Method characterization for doping control purposes was con-
ducted exclusively with the model substance peginesatide
yielding the data summarized in Table 2. Reason for excluding
EMP1 and BB68 into the assay characterization was the non-
availability of the required dimeric forms and the fact that
therapeutic formulations of CNTO530 and AGEM400(HES)
were not available for comprehensive studies. Nevertheless, the
respective monomeric EMPs, which represent the active prin-
ciples and target analytes, were subjected to the cysteine-
specific cleavage and subsequent analysis confirming the
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expected conversion into compounds unequivocally identifi-
able in doping control samples.

Specificity

The specificity of the method was demonstrated by the absence
of interfering signals in blank urine specimens (Figure 3).
Further, no binding occurred at aIGF1 beads and no signal
was observed for blank urine samples when applying the
established EPOR-Fc beads-based extraction. In contrast,
peginesatide-spiked urine aliquots yielded the expected signals
and precursor/product ion pairs attributed to the peptide se-
quence resulting from the cysteine-specific hydrolysis.

Linearity

Prior to characterizing the performance of the entire method,
the independence of the chemical hydrolysis reaction from
analyte concentration levels was assessed. Here, optimized
conditions concerning duration, temperature, and stoichiome-
try were used by omitting the ultrafiltration and EPOR purifi-
cation step, and the response of the analyte signal showed an
acceptable linear approximation (data not shown). Also in
urinary matrix, a linear correlation between analyte concentra-
tion and signal abundance was determined in the defined
working range of 0.25–25 ng/mL. The coefficient of correla-
tion was 0.986 with a slope of 0.0249 and an intercept with
0.0115. Above 50 ng/mL, the assay indicated saturation of the
binding capacity of the employed 2.5 μg (approximately
0.042 nmol) of the EPOR-Fc per specimen (see Supplementary
Information, Figure S-4). Therefore, at higher concentrations,
nonlinear characteristics were found to dominate the concen-
tration–response correlation.

Precision

For all concentration levels at 1, 10, and 25 ng/mL, the means
and relative standard deviations (RSD) corrected to the ISTD
signal response were calculated. A 4-fold determination of each
spiked urine aliquot resulted in RSD values of 18.3%, 9.7%,
and 13.3%, respectively.

Recovery

The analysis of the target peptide obtained from peginesatide
monomer revealed negligible amounts of intact monomeric
substance. Subjecting the PEGylated homodimeric drug to
chemical hydrolysis, similar signal responses were observed,
suggesting a cleavage yield of ≥90% after 16 h. The overall
mean recovery including ultrafiltration, EPOR-based extrac-
tion, and hydrolysis was determined with approximately 40%
(Table 2). Thereby, the relative standard deviation was 17.3%.

Stability

After 6 days, the mean peak areas of the target analyte mea-
sured in the three specimens decreased to 89% of the initial
abundance, indicating a sufficient stability of the analyte (andT
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Figure 2. Product ion spectra of the 2-fold protonated precursor of (a) peginesatide and the glycine-[15N, 13C2]-labeled
peginesatide (m/z 568.75 and 570.25), (b) EMP1 (m/z 571.26), and (c) the BB68 monomer (m/z 592.28) with respective extracted
ion chromatograms. Further, a structure for product ion at m/z 170.0964 is suggested as a result of the non-natural amino acid 1-nal
indicated by an asterisk in the spectra
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the generated acylisothiazolidine residue) in vials under bench-
top conditions.

Limit of Detection (LOD) and Ion
Suppression/Enhancement Effects

The limit of detection was set at 0.25 ng/mL after the unam-
biguous determination of the acylisothiazolidine monomer sig-
nal at this concentration level (Figure 3). The signal to noise
ratios of at least two precursor–product ion pairs exceeded the
required value of 3 [20, 26]. In addition, no significant matrix
effects resulting in ion suppression or enhancement were
observed.

Discussion
To date, chemical approaches for hydrolyzing peptides and
proteins with high specificity at defined amino acid peptides,
in particular for subsequent bottom-up analyses of compounds
in biological matrices, are rarely used [27, 28]. This is arguably
due to a great variety of available enzymes for peptide/protein
analytics, which proved robust and easy-to-handle by employing
mostly physiological conditions. In contrast, the chemical hy-
drolysis of peptidic compounds commonly requires harsh con-
ditions that can cause unpredictable and unspecific reaction by-
products. In the present study, conditions of common enzymatic
digestion protocols are reflected by using reducing agents such
as DTT at 70°C and hydrolysis temperatures of 37°C. The
obtained N-terminally acylisothiazolidine-derivatized peptides

as derived from the cysteine-specific cleavage facilitate the
detection of target analytes because there is no concordance with
any known naturally occurring amino acid sequence in humans.
Therefore, coincidentally enzyme-originated or renally excreted
peptides with similar masses and amino acid sequences are
excluded, in particular when considering characteristic a, b,
and y′′ product ions generated in MS2 experiments. In compar-
ison to existing methods for EMP detection in sports drug
testing, the herein presented approach is considerably more
time-consuming but allows for expanded comprehensiveness
for this class of prohibited substances. In addition, supporting
evidence for the presence of physiologically relevant peptides
detected in doping control specimens is provided by the preced-
ing EPOR-based enrichment and purification of analytes. To
date, the assays’ area of application does not include quantitative
analysis. The quantitative analysis of peginesatide has been
accomplished earlier using alternative approaches [13, 18]; how-
ever, these methods are dedicated to one erythropoietin mimetic
only and do not allow the immediate inclusion of additional
related analytes. Moreover, cysteines represent moieties of less
frequent occurrence and, thus, the chemical proteolysis can
support generating larger peptide segments via cysteine-
specific cleavage. Enzymes, as natural catalysts, have the ability
to accelerate substrate conversion by simultaneously keeping
their proteolytic activity after the reaction. In case of chemical
cleavage, reactants are consumed, necessitating an excess in
each sample that potentially affects the performance of the LC-
MS analysis. Hence, the isolation and prepurification of the
target analytes prior to the bottom-up analytics are indispensable,

Table 2. Summary of the Assay Characterization Results

Linearity (n = 6) Precision (n = 4) Recovery
(n = 4 + 4)

LOD
[ng/mL]

Stability
(t = 6d, n = 3)

Ion
suppression

Slope Intercept R2 1 ng/mL
[RSD%]

10 ng/mL
[RSD%]

25 ng/mL
[RSD%]

5 ng/mL [%] 10°C, pH 3.5 [%] 10 ng/mL

0.0249 0.0115 0.986 18.3 9.7 13.3 39.9 0.25 86 /

Figure 3. Targeted selected ion monitoring (t-SIM) chromatograms for an ISTD-fortified blank urine (left) and a urine sample
containing 0.25 ng/mL of peginesatide (right)
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and desalting is recommended. A disadvantage of this study is
the nonavailability of elimination study urine specimens collect-
ed after peginesatide administration as a reason of the final recall
of peginesatide in 2013. Nevertheless, the disposability of black
market aliquots of Omontys can be assumed.

Conclusion
The herein presented approach demonstrates the efficiency of
chemical cleavage and its utility in doping controls,
complementing an enzymatic hydrolysis-based test. Erythro-
poietin mimetic peptides can be seen as a pharmaceutical
benchmark for PDT-created peptidic drugs and drug candidates
presenting with high therapeutic potency while exhibiting
nonconforming properties compared with its physiological
counterpart EPO. Pinpointing and exploiting conserved struc-
tural features of the target analytes are the basis of the utilized
analytical method. Therefore, the cysteine-entrapped core
structure of EMPs provides an excellent motif. Moreover, the
carrier/drug support structure of the embedded oligopeptide is
irrelevant as the cysteine cleavage delivers sufficient informa-
tion for LC-MS/MS determinations to detect segments indicat-
ing and evidencing the presence of EMP-derived molecules.
The expected therapeutic dosages, serum concentrations, and
physiologically excreted amounts of modern EMP-derived
drugs suggest that the herein presented LOD with 0.25 ng/
mL will serve doping control analytical purposes.
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