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Abstract: Triptorelin and leuprorelin are synthetic gonadotrophin-releasing hormones (GnRH) that
are on the World Anti-Doping Agency (WADA) list of prohibited substances. To investigate the
possible in vivo metabolites of triptorelin and leuprorelin in humans compared to previously reported
in vitro metabolites, excreted urine from five patients treated with either triptorelin or leuprorelin
was analyzed by liquid chromatography coupled with ion trap/time-of-flight mass spectrometry
(LC/MS-IT-TOF). The addition of dimethyl sulfoxide (DMSO) to the mobile phase was found to
enhance the detection sensitivity of certain GnRH analogs. The method was validated, and the limit
of detection (LOD) was found at 0.02—0.08 ng/mL. Using this method, a novel new metabolite of
triptorelin was discovered in the urine of all subjects up to 1 month after triptorelin administration,
but it was not observed in the urine of subjects before drug administration. The limit of detection
was estimated to be 0.05 ng/mL. The structure of the metabolite, triptorelin (5-10), is proposed from
bottom-up mass spectrometry analysis. The discovery of in vivo triptorelin (5-10) can possibly be
used as supporting evidence of triptorelin misuse in athletes.

Keywords: GnRH analogs; LC/MS-IT-TOF; leuprorelin detection; triptorelin detection; triptorelin
metabolite; doping

1. Introduction

GnRH, a 10-amino-acid peptide, is synthesized and produced in the hypothalamus [1-4].
Endogenous GnRH has a short half-life (2 min) and is readily digested by peptidases [3]. Thus,
analogs such as leuprolide and triptorelin were developed to prolong their action [5]. Clinically,
leuprorelin and triptorelin (Figure 1) have been mainly used for the treatment of advanced
prostate cancer by androgen deprivation therapy [6-8]. However, the administration of GnRH
analogs initially increases the testosterone level [6,9,10]. This effect has the potential to be
abused by athletes in order to enhance their performance. Consequently, WADA has included
GnRH analogs in its list of prohibited substances since 1st January 2016 [11].

In doping control, the determination of small peptides, including GnRH analogs, in
the urine of athletes has been reported [12-18]. All methods employ liquid chromatography
with mass spectrometric detection [12-18]. Sample preparation can be carried out by using
solid-phase extraction (SPE) [19] or only dilution prior to liquid chromatography (LC)
(the dilute-and-shoot strategy) [17]. The latter method requires a high-resolution mass
spectrometer to achieve selectivity [16,17]. The detection of small peptides in doping
control samples using LC/MS-IT-TOF) has been described by our group [18].
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Figure 1. The chemical structures of leuprorelin and triptorelin.

All metabolites of GnRH analogs are defined by WADA as prohibited substances, and
their detection also constitutes a doping offence [11]. However, an in vivo investigation of
the metabolites of triptorelin and leuprorelin has not been extensively carried out. It has been
previously reported that the addition of DMSO to the mobile phase increased the sensitivity
of the detection of some small peptides using electrospray ionization (ESI) [20-25]. Therefore,
DMSO was used in this study for the detection of triptorelin and leuprorelin metabolites.
The method for the analysis of small peptides using the LC/MS-IT-TOF instrument was
validated. In this investigation, excreted urine from patients undergoing prostate cancer
therapy with triptorelin or leuprorelin for the first time was screened for possible new
in vivo metabolites. In this study, we hypothesized that the performance of LC/MS-IT-TOF
with the DMSO additive can be achieved by the detection of the possible in vivo metabolites
of these drugs in humans compared to previously reported in vitro metabolites.

2. Results
2.1. Validation Results

The method was validated in 10 different urine sources. The summary of validation
results is described in Table 1. The LOD at a 95% detection rate is 0.02-0.08 ng/mL. The
recovery of the validated method ranged between 58 and 86%. The matrix interference for
leuprorelin, leuprorelin (5-9), and triptorelin was observed at 92%, 23%, and 16%, respectively.

Table 1. Summary of the validation results for the detection of leuprorelin, leuprorelin (5-9), and
triptorelin using LC/MS-IT-TOF. LOD was compared in the absence (LOD ') and presence (LOD ?) of
DMSO. The LOD was calculated at a 95% detection rate from the sigmoid response curve. The
result showed the LOD is lower in the presence of DMSO than it is in the absence of DMSO.
(%CV = percent coefficient of variation; LOD = limit of detection; DMSO = dimethyl sulfoxide;
ng/mL = nanogram per milliliter; LC/MS-IT-TOF = liquid chromatography coupled with ion trap
time-of-flight mass spectrometer).

Without DMSO DMSO Additive
Compounds LOD! LOD 2 Recovery Matrix Instrument
(ng/mL) (ng/mL) (%) Effect (%) Precision (%CV)
Leuprorelin 0.35 0.08 85 92 11
Leuprorelin (5-9) 0.20 0.02 64 23 3
Triptorelin 0.60 0.05 58 16 12

2.2. Effect of DMSO Additive in the Mobile Phase

The effect of DMSO was assessed by comparing the signal intensities of product
ions when 1% v/v DMSO was added to mobile phase A. Figure 2 showed that the signal
intensities of the three GnRH compounds increased by 4- to 14-fold.
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Figure 2. Bar graphs of the mean abundance of leuprorelin, leuprorelin (5-9), and triptorelin from
the triplicate injections of a spiked urine sample at 2 ng/mL for each compound; comparison
without DMSO (blue bars) and with DMSO (orange bars) additions in the mobile phase. The mean
abundance was labelled on each bar with an error bar of standard deviations. The result showed an
increase in signal intensity by 4 to 14 times when DMSO was added (DMSO = dimethyl sulfoxide;
ng/mL = nanogram per milliliter).

The method’s parameters were applied as described in Method Validation Parameters
(Section 4.4). The result showed an increase in signal intensity by approximately 4, 10, and
14 times for leuprorelin, leuprorelin (5-9), and triptorelin, respectively (Figure 2). Figure 3
shows the chromatograms of the ion transitions of three standard compounds (2 ng/mL
each) and the internal standard. The chromatogram showed no interference peaks at the
retention times (RTs) of the analytes and internal standard.

MS Chromatogram
Segment#1 (x1,000,000)
344.7100@ 1/1040.4500@ 1/605.3100@ 1/656.3000@ 1
8.000.000 1
E I 2
| 5

39 40 4.1 42 43 44 4:5 46 47 48
min

Figure 3. Chromatograms of the product ion transitions of leuprorelin (5-9) (peak no. 1, mass
344.71 — 249.14, 277.16), internal standard (peak no. 2, mass 1040.45 — 713.23), leuprorelin (peak
no. 3, mass 605.31 — 299.21, 412.30), and triptorelin (peak no. 4, mass 656.30 — 328.20, 627.37). The
precursor ions of each compound are shown in the upper-right corner. The results show the absence
of an interference peak at the retention time of analytes and ISTD (ISTD = internal standard).

2.3. Analysis of Urine from Five Prostate Cancer Patients

Leuprorelin and its metabolite, leuprorelin (5-9), were detected in all urine samples
at 3 and 6 h after leuprorelin administration. Figure 4 depicts chromatograms with and
without DMSO in the mobile phase. Leuprorelin and leuprorelin (5-9) were obtained
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from a urine sample collected from one patient 3 h after taking the drug. The intensities
of leuprorelin and leuprorelin (5-9) increased 4-fold and 10-fold, respectively, which are
consistent with validation results (Figure 2). However, after 1 month, leuprorelin (5-9) was
not found in the urine of all patients (Table 2).
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Figure 4. Chromatograms of leuprorelin and leuprorelin (5-9) from the urine of a prostate cancer
patient collected 3 h after drug administration. (A,B) show the chromatograms of leuprorelin without
and with DMSO in the mobile phase. (C,D) show the chromatograms of leuprorelin (5-9). The peak
area is shown in the upper-right corner of each window. The results show 4-fold and 10-fold increases
in the intensities of leuprorelin and leuprorelin (5-9) (DMSO = dimethyl sulfoxide), respectively.

Table 2. The detection level (ng/mL unit) of leuprorelin and leuprorelin (5-9) in urine samples
collected from 5 patients 3 h, 6 h, and 1 month after drug administration. The results showed that
leuprorelin and leuprorelin (5-9) could be detected in all urine samples collected at 3 and 6 h but
not at 1 month after drug administration (ND = not detectable; ng/mL = nanogram per milliliter;
SEM = standard error of mean).

Patient Leuprorelin Leuprorelin (5-9)
No. 3h 6h 1 Month 3h 6h 1 Month
1 29.7 86.9 ND 68.0 73.1 ND
2 96.3 29.0 ND 106.9 18.7 ND
3 86.5 66.2 ND 162.9 100.4 ND
4 51.2 131.6 ND 16.7 23.8 ND
5 61.5 217.1 ND 19.3 178.7 ND
mean 65.0 106.2 ND 74.8 789 ND
n 5 5 5 5 5 5
SEM 12.0 322 - 27.6 29.2 -

Triptorelin and the new in vivo metabolite, triptorelin (5-10), were detected in all urine
samples at 3 and 6 h after triptorelin administration (Table 3). Moreover, the new metabolite
was detected in urine samples after 1 month of triptorelin administration in three out of
five patients.

In the presence of DMSO, the chromatograms indicated the presence of in vivo trip-
torelin (5-10) in all urine samples collected 3 h, 6 h, and 1 month after drug administration
(Figure 5(1B-1D)). Without DMSO, triptorelin (5-10) was detected in lower concentrations
in collected urine (Figure 5(2B,2C)), and the detection after one month of drug administra-
tion could not be achieved (Figure 5(2D)). As shown in Figure 5, the addition of DMSO
to mobile phase A increased the intensities of both triptorelin and triptorelin (5-10). The
14-fold increase in triptorelin intensity is consistent with validation results (as in Figure 2).
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Table 3. The detection level (ng/mL unit) of triptorelin and triptorelin (5-10) in urine samples
collected from five patients 3 h, 6 h, and 1 month after drug administration. The results show that
triptorelin and triptorelin (5-10) can be detected in all urine samples collected at 3 and 6 h, as well
as up to 1 month in 3 out of 5 patients (ND = not detectable; ng/mL = nanogram per milliliter;
SEM = standard error of mean).

Patient Triptorelin Triptorelin (5-10)
No. 3h 6h 1 Month 3h 6h 1 Month
1 334 16.9 ND 84.3 24.7 1.2
2 22.1 24.6 ND 25.3 43.5 0.3
3 321 54.4 ND 12.8 3.2 ND
4 81.3 104.9 ND 225.7 250.6 ND
5 151.8 112.2 ND 179.1 202.0 0.6
mean 64.1 62.6 ND 105.5 78.9 0.7
n 5 5 5 5 5 3
SEM 24.2 19.8 - 42.0 29.2 0.2
A B C D
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Figure 5. Chromatograms of triptorelin (5-10) in the urine of a prostate cancer patient. The chro-
matograms in columns (A—C) are from samples collected at 0, 3, and 6 h, respectively. Column
(D) comprises the sample collected one month after administration. The first and second rows show
chromatograms for the mobile phase with DMSO (row no. 1) and without DMSO (row no. 2). The
results show the detection of triptorelin (5-10) in all urine and up to 1 month after drug administration
in the presence of DMSO (DMSO = dimethyl sulfoxide).

2.4. Detection and Identification of In Vivo Triptorelin Metabolite

The in vivo detection of the triptorelin (5-10) metabolite has not been reported previ-
ously. In the initial study, all urine samples collected from five patients were extracted and
analyzed using the full-scan mode of LC/MS-IT-TOF. This was carried out to check if there
were any potential new peaks that were not present in the 10 normal urine samples used in
the validation study of the 3 GnRH analogs. It was clearly shown that there was a peak at
RT 4.240-4.256 min in all collected urine samples after 3 and 6 h of drug administration.
Figure 6 depicts the mass spectrum of the peak. A preliminary finding of the new in vivo
metabolite of triptorelin, triptorelin (5-10), was detected, and its structure was proposed
based on the bottom-up mass spectrometry analysis [26,27] accordingly.
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Figure 6. The mass spectrum of triptorelin (5-10) for precursor ion m/z 395.72 ([M + 2H]**). The
major fragments were m/z 441.29, 350.15, 627.37, and 773.41, which were identified as yy4, by, y5, and
bg ions. The amino acid sequence and proposed fragmentation scheme were compared with the
Peptide Calculator’s result. The fragmentation of in vivo triptorelin (5-10) was proposed based on
bottom-up mass spectrometry analysis.

According to mass spectrometric data of the new finding of in vivo triptorelin (5-10)
(Figure 6), base ion m/z 395.72 is shown later to be a doubly charged molecule [M + 2H]**
of triptorelin (5-10) with a pseudomolecular ion [M + H]'* of m/z 790.43. The product
ion mass spectrum of precursor ion m/z 395.72 is observed. The fragmented ions are m/z
441.29 (relative abundance = 100%), 350.15 (relative abundance = 50%), and 627.37 (relative
abundance = 10%); and 773.41 (relative abundance = 5%).

3. Discussion

DMSO has previously been used in proteomics to enhance electron ionization [20-25].
One study showed that 1-5% DMSO in the mobile phase resulted in an increase in the
sensitivity of GnRH detection by approximately 2- to 15-fold [15]. The use of DMSO as an
additive in the electrospray ionization of small peptides using an Orbitrap instrument and
dilute-and-shoot method resulted in an increase in ion abundance from 3- to 5-fold [17].
Compared to this study, the DMSO additive using LC/MS-IT-TOF and solid phase extrac-
tion resulted in an increase in ion abundance from 4- to 14-fold. The effect of DMSO depends
on several factors, including sample preparation and the mass analyzer model [22]. In the
proteomic experiment, a comparison of different ESI mass analyzer models, including three
models of Orbitrap, TOF, Quadrupole-TOF, and Ion Mobility-TOF, revealed varying degrees
of efficiency with the DMSO additive [22]. Due to the accurate mass measurement and
multiple stages of ionization mass analysis (MS/MS mode), LC/MS-IT-TOF was previ-
ously suitable for performing qualitative analysis and was commonly used for unknown
identifications in several fields, including herbal medicine, pesticides, protein, and pep-
tides, in biological and biomedical analyses [26-28]. From this study, the combination of
LC/MS-IT-TOF with the DMSO additive increased the advantage of this instrument, and
the instrument went from performing qualitative to quantitative analyses with respect to
low concentrations of new metabolites, which fitted the purpose of our study.
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The validation results of the method developed in this study with the DMSO addi-
tive exhibited increased sensitivity and performance for detecting in vivo metabolites using
LC/MS-IT-TOF [18]. No interference peak was observed from the analysis of the reagent
blank and the mixture of 3 analytes in 10 different blank urine; therefore, the selectivity of
this method was accepted. The shift in retention time was observed at + 0.05 at most, and
the relative retention time (RRT) was stable. There was no indication of the peak deformation
caused by the urine matrix. As shown in Table 1, the instrument’s precision is less than
15%. Despite the relatively large injection volume (30 pL), carryover was not observed in
blank urine injected after 16 ng/mL of spiked urine samples was injected from 10 different
sample sources. The intensity of the triptorelin (5-10) metabolite increased 14-17 fold, which
is substantially greater than the intensity of leuprorelin (5-9). This significant increase in
sensitivity enabled the possibility of the detection of triptorelin (5-10) after one month of drug
administration (compared to Figure 5(1D,2D)). Therefore, the application of LC/MS-IT-TOF
and the DMSO additive was efficient for detecting the low-concentration metabolite, and
this may not have been achieved when using standalone LC/MS-IT-TOF. According to the
findings of this study, DMSO-enhancing ionization in LC/MS-IT-TOF achieved the sensitivity
required in doping control. This application allowed us to use this kind of instrument to
access other drug metabolites.

Triptorelin (5-10) had previously been found in an in vitro investigation using human
kidney microsome cell cultures [13]. The amino acid sequence of this metabolite discovered
in vivo was likely identical to that found in vitro. In terms of mass fragmentation, based on
bottom-up mass spectrometric analysis, which is commonly used for drug identification [29,30],
masses of m/z 441.29, 350.15, 627.37, and 773.41 were identified as y4, by, ys, and bg ions. This
is related to the result from Peptide Calculator software (version 2.5 Beta), as illustrated in
Figure 6. This finding is the preliminary result of this novel metabolite and the projected
amino acid sequence. Additional experiments to confirm the structure of this metabolite can
be achieved by matching the chromatographic and mass spectrometric data of synthetically
made triptorelin (5-10).

The peak that was identified as the triptorelin metabolite comprised elutes at the
expected RT in all urine samples from all patients 3 h after drug administration (refer to
Table 3), and the elutes exhibited high amounts, with the highest estimated concentration
at 225.7 ng/mL and the lowest estimated concentration at 12.8 ng/mL. However, none
of these finding peaks were observed in the urine samples prior to drug administration.
Therefore, presence of triptorelin (5-10) confirmed the existence of a metabolite from
triptorelin administration.

Previous literature described peptide metabolism via peptidases found in multiple
organs, such as the lung, blood, kidney, skin, and epithelial cells [31,32], but the metabolism
of triptorelin remains unknown. The finding of this in vivo metabolite may be due to a
particular cleavage from triptorelin to triptorelin (5-10), also involving a cleavage from
leuprorelin to leuprorelin (5-9) at the same position (serine is linked to tyrosine). The
metabolism study model using peptidases in several cell cultures is intriguing and can be
used to learn more about GnRH metabolism.

Although triptorelin (5-10) was not found in two out of five patients after 1 month of
drug administration, this could be due to the concentration below the LOD. The detection
period of triptorelin (5-10) is, however, longer than the parent compound itself. It is possible
to use this metabolite as a marker and/or supportive evidence for the misuse of triptorelin
by athletes. Additionally, the monitoring of this metabolite may also be useful in clinical
treatment. The link between triptorelin (5-10) concentrations, luteinizing hormone (LH)
concentrations, patient symptom improvement, and the adverse effect of these medicines
remains to be investigated.
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4. Materials and Methods
4.1. Chemicals and Materials

Leuprorelin and triptorelin were purchased from BACHEM (Bubendorf, Switzerland).
The leuprorelin (5-9) metabolite was supplied by NMI (New South Wales, Australia).
Deamino-Cys!-Val*-D-Arg®-vasopressin was obtained from Sigma-Aldrich (Burlington,
MA, USA) and used as the internal standard (ISTD). Acetic acid glacial (CH3;COOH) and
sodium dihydrogen phosphate (NaH;PO,-H,O) were purchased from Carlo Erba (Peypin,
France). Formic acid (HCOOH) and methanol (CH30OH) of HPLC (high-performance liquid
chromatography) grade were purchased from Fisher Chemical (Pittsburgh, United States).
Acetonitrile was purchased from RCILabscan (South Australia, Australia). Disodium
hydrogen phosphate (NaHPO,) was purchased from QRec (Auckland, New Zealand).
DMSO was purchased from RCI Labscan (Taipei City, Taiwan). Mixed-mode weak cation
exchange cartridges Oasis® WCX (60 mg, 3 mL) and SPE were purchased from Waters
(Milford, MA, USA). Protein LoBind® centrifuge tubes (0.5, 1.5, 2.0, and 5.0 mL) were pur-
chased from Eppendorf (Melbourne, Australia). Polypropylene vials (250 mL and 1.0 mL)
and Teflon-lined caps were purchased from Agilent (Santa Clara, CA, USA). The vacuum
centrifuge concentrator was from Eppendorf (Taufkirchen, Germany). Bench-top refrig-
erated centrifuge model 5930 was supplied by Kubota (Tokyo, Japan). Ultra-pure water
purification system model Superseries PW was supplied by Heal Force (Shanghai, China).

4.2. LC/MS-IT-TOF Instrument

Sample analysis was carried out by using the LCMS-IT-TOF Prominence system (Shi-
madzu, Japan) and LC model UPLC 8040 [18]. The analytical column was a Poroshell 120 EC-
C18 (2.1 mm x 150 mm, 2.7 um particle) coupled with a guard column (SecurityGuard ™
C18, 3.0 mm). The column compartment temperature was set at 30 °C. The autosampler
unit temperature was set at 10 °C. Dry gas was set at 47 kPa, and nebulizer gas was set at
1.5 L/min. The curved desolvation line (CDL) and heating block temperature were set at
250 °C. The spray voltage was set at 4 kV.

4.3. Standard Solutions

A standard mixture of leuprorelin, leuprorelin (5-9), and triptorelin (1 mg/mL each)
was prepared in 0.1% acetic acid in a polypropylene vial. All standard solutions were
aliquoted and stored at —70 °C for individual use. A working solution of 10 ug/mL
deamino-cys!-val*-D-arg8-vasopressin prepared in acetic acid was used as the internal
standard (ISTD).

4.4. Method Validation Parameters

The method was validated in accordance with ISO/IEC17025 requirements [33] for
the qualitative analysis of mass spectrometry in terms of LOD, selectivity, recovery, matrix
effect, instrument precision, and carryover. The validation of leuprorelin, leuprorelin (5-9),
and triptorelin was performed using 10 different sources of urine samples.

LOD was established by identifying the minimum concentration of each detected
compound. The spiked urine was prepared at 0, 0.01, 0.1, 0.2, 1.0, and 2.0 ng/mL. A
signal-to-noise ratio (S/N) of 3 or higher was used as the acceptance criteria for detection.
Selectivity was evaluated by the separation of analyte peaks from neighboring peaks at
the expected retention time in samples. Recovery was assessed at 2 ng/mL from three
replicated samples. The percentage of recovery was calculated by comparing the peak
area ratio of each compound to ISTD in the pre-sample (spike urine extraction) with a
post-sample (spiked standard in extracted blank urine at the same amount).

The matrix effect and instrument precision were assessed at 2.0 ng/mL in three
replicated samples. The percentage of the matrix effect was determined by comparing
the peak area ratio of each compound to ISTD in the direct standard with a post-sample
at equal concentrations. Precision was determined by calculating the percent coefficient
of variation (%CV) of the product ion intensity of each compound from 10 consecutive
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injections. Per the FDA’s “Bioanalytical Method Validation Guidance for Industry” [34],
the acceptance criteria for determining the efficiency of the instrument is when %CV is
not greater than 15%. Carryover was assessed by injecting blank urine immediately after
16.0 ng/mL (8 times of 2 ng/mL, the minimum required performance limit) of the analytes
spiked in each urine source was injected. The absence of detected compounds in all blank
urine samples is the acceptance criterion.

4.5. Collection and Storage of Urine Samples

Urine samples were collected at the Division of Urology, Department of Surgery,
Faculty of Medicine, Ramathibodi Hospital, Bangkok, Thailand. All subjects gave their
informed consent for inclusion before they participated in this study. The study was
conducted in accordance with the Helsinki Declaration, and the protocol was approved by
the Ethics Committee review board of Ramathibodi Hospital, Bangkok, Thailand (protocol
No. 12-61-53). Urine samples were collected at 0.0, 3.0, and 6.0 h from 5 patients who
had received either 11.25 mg of Enantone® L.P (leuprorelin acetate) or Diphereline® P.R.
(triptorelin pamoate) intramuscularly for the first time. A further urine sample was collected
one month later.

Urine samples were kept at —70 °C for long-term storage as it had been found that there
was a gradual decrease in peptide metabolites after six months of storage at —20 °C [35].
Urine analyses were performed as soon as possible after the urine samples were thawed.

4.6. Urine Sample Preparation

In this study, 200 mL of sodium phosphate buffer (pH 6.8; 0.8 M) was added to a
3.0 mL aliquot of urine. The batch of samples was centrifuged at 5000 rpm for 5 min at 5 °C.
The supernatant from each tube was transferred to a new set of protein LoBind® tubes,
Eppendorf (Melbourne, Australia) and 20 pL of ISTD (see Section 4.3) was added to each
sample [17]. SPE cartridges (see Section 4.1) were activated with 2 mL of methanol followed
by 2 mL of ultra-pure water. The supernatants were slowly loaded onto the SPE cartridges
(flow rate is approximately 1.0 mL/min) and washed with 1 mL of water, followed by
1 mL of freshly prepared 10% v/v aqueous methanol; then, all washing solutions were
removed and dried using a vacuum pump. Elution was performed using freshly prepared
10% v/v formic acid in methanol. Eluates were evaporated at 45 °C to approximately
10 uL in a vacuum centrifuge. The residues were reconstituted in 50 pL of freshly prepared
0.1% formic acid in water.

4.7. LC/MS-IT-TOF Conditions

The mobile phases were 0.1% formic acid in water with or without 1% DMSO (mobile
phase A) and acetonitrile (mobile phase B) at a flow rate of 0.3 mL/min. The mobile
phase gradient program was as follows: 0.0-2.0 min, 20 to 30% B; 2.0—4.0 min, 30 to 45% B;
4.0-5.0 min, 45 to 100% B; 5.0-6.0 min, hold at 100% B; 6.0-7.0 min, 100% to 20% B; and
7.0-9.0 min hold at 20% B (column equilibration). The injection volume was 30 pL. The
total runtime is 9 min.

Mass spectrometric analysis was employed both in the full-scan mode and MS-MS
mode. Data analysis was performed using 2 product ion transitions for each compound.
LC/MS-IT-TOF mass spectrometric variables, including the m/z of product ions, ion
accumulation time, and collision energy (CE), were optimized for maximum abundance for
each ion transition. Ionization was performed using ESI in the positive ion mode at 3500 V.
The ion accumulation time was 10 milliseconds, and the isolation width was 1.5 Dalton.

The chromatographic and mass spectrometric data for the detection of all 4 peptides
and the internal standard are listed in Table 4.
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Table 4. Chromatographic and mass spectrometric data for the detection of target compounds and
the internal standard using LC/MS-IT-TOF (g/mol = gram per mol; min = minute; m/z = mass per
charge; eV = electron volt; ISTD = internal standard).

Chemical Retention Monoisotopic Precursor Product Collision
Compound Formula Time Mass Ion Ion Energy
(g/mol) (min) (m/z) (mlz) ® (m/z) (eV)

Leuprorelin Cs9HgaN16012 4.65 1208.64 605.312+ 299.21%, 412.301* 27
Leuprorelin (5-9) C34Hs57NgOg 4.16 687.45 344.71%* 249.141*, 277161+ 30
Triptorelin CesHgpN13013 4.76 1310.63 656.30%* 328.20'*, 627.371+ 50
Triptorelin (5-10) @ C39Hs5N1107 424 790.43 395722+ 441.29'*,350.15!* 25
ISTD Cy46HesN13011S, 4.55 1040.22 1040.45'* 713.231* 40

(M Charged state of the ion. ® Mass spectrometric data from excretion urine (see Section 2.4).

4.8. Statistic Analysis

The mean and standard deviation of the concentration of leuprorelin, leuprorelin (5-9),
triptorelin, and triptorelin (5-10) from 5 patients were used for statistical analysis. The plot
of mean + SEM (n = 5) was provided for Tables 2 and 3 (SEM = standard error of mean).

5. Conclusions

The application of LC/MS-IT-TOF with the DMSO additive was efficient for the
detection of a low-concentration metabolite, and this may not have been achieved when
using standalone LC/MS-IT-TOF. In this study, triptorelin (5-10), a new in vivo metabolite
of triptorelin, was detected in the urine of prostate cancer patients using LC/MS-IT-TOF.
The addition of 1% DMSO to the mobile phase improved the sensitivity of the detection of
these peptides, making it possible to detect low concentrations of the in vivo triptorelin
(5-10) metabolite for up to one month after drug administration, which was not observed
before drug administration. For doping analysis, the sensitivity and the longer detectable
period provide an advantage for drug abuse detection in sports. Thus, triptorelin (5-10)
could potentially be used as a possible marker and supporting evidence of the misuse of
triptorelin in sports. This application allowed us to use this instrument to access other
peptide metabolites.

Author Contributions: Conceptualization, N.S., TK. and D.P.; methodology, N.S., R.S., PT. and D.P;
validation, N.S. and R.S.; experimental design, N.S., R.S. and D.P.; writing—original draft preparation,
N.S. and D.P, visualization, N.S., P.T. and D.P,; supervision, review, and editing, D.P. All authors
have read and agreed to the published version of the manuscript.

Funding: This research project was funded in part by the Department of Pharmacology’s graduate
programme and Analytical Science and National Doping Test Institute (ASNDTI), Mahidol university.

Institutional Review Board Statement: The study was conducted in accordance with the Helsinki
Declaration, and the protocol was approved by the Ramathibodi Ethics Committee, Bangkok, Thai-
land (protocol No.12-61-53).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. All subjects gave their informed consent for inclusion before they participated in the study.

Data Availability Statement: Not applicable.

Acknowledgments: This research was supported/partially supported by the Department of Pharma-
cology, Faculty of Science, Mahidol University; Analytical Science and National Doping Test Institute
(ASNDTI), Thailand; and the Division of Urology and Department of Surgery, Faculty of Medicine,
Ramathibodi Hospital, Bangkok, Thailand, with respect to sample collection and analysis. We thank
Prapin Wilairat, senior consultant at ASNDTI, for their valuable suggestions. Finally, we thank all
volunteers for their kind participation in this research study.

Conflicts of Interest: The authors declare no conflict of interest.

Sample Availability: Not applicable.



Molecules 2023, 28, 4572 11 of 12

References

1. Diluigi, A.J.; Nulsen, ]J.C. Effects of gonadotropin-releasing hormones agonists and antagonists on luteal function. Curr. Opin.
Obst. Gyn. 2007, 19, 258. [CrossRef]

2. Casper, R.F. Clinical uses of gonadotropin-releasing hormone analogues. Can. Med. Assoc. 1991, 144, 144-153.

3. Kumar, P; Sharma, A. Gonadotropin-releasing hormone analogs: Understanding advantages and limitations. J. Hum. Reprod, Sci.
2017, 7, 170-174. [CrossRef] [PubMed]

4. George, A.S.; Ursula, B.K. Gonadotropin regulation by pulsatile GnRH: Signaling and gene expression. Mol. Cell. Endrocrinol.
2018, 463, 131-141.

5. Matsu, H.; Baba, Y.; Nair, RM.; Arimura, A.; Schally, A.V. Structure of the porcine LH- and FSH-releasing hormone. 1. The
proposed amino acid sequence. Biochem. Biophys. Res. Commun. 1991, 43, 1334-1339. [CrossRef]

6. Labrie, E; Belanger, A.; Luu-The, V.; Labrie, C.; Simard, J.; Cusan, L. Gonadotropin-releasing hormones agonists in the treatment
of prostate cancer. Endocr. Rev. 2005, 26, 361-379. [CrossRef]

7. American Cancer Society. Hormone Therapy for Prostate Cancer. 2022. Available online: https://www.cancer.org/cancer/
prostate-cancer/treatment/hormone-therapy.html (accessed on 5 December 2022).

8.  National Cancer Instutute. Hormone Therapy for Prostate Cancer. 2021. Available online: https://www.cancer.gov/types/
prostate-hormone-therapy-fact-sheet.html (accessed on 5 December 2022).

9.  Archade, J.A. Rapid drop in serum testosterone after bilateral subcapsular 2005 orchiectomy. J. Surg. Oncol. 1992, 49, 35-38.
[CrossRef]

10. Handelman, D.J.; Idan, A.; Grainger, J.; Goebal, C.; Turner, L.; Conwey, A.]. Detection and effect on serum and urine steroid and
LH of repeated GnRH analog (Leuprolide) stimulation. ]. Steroid. Biochem. 2014, 141, 113-120. [CrossRef]

11. WADA. WADA Prohibited List 2016, World Anti-Doping Agency. Available online: https://www.wada-ama.org/sites/default/
files /resources/files /wada-2016-prohibited-list-en.pdf (accessed on 7 July 2020).

12.  Thevis, M.; Schanzer, W. Mass spectrometric identification of peptide hormones in doping control analysis. Analyst 2007, 132,
287-291. [CrossRef]

13.  Zverva, I; Dudko, G.; Dikunets, M. Determination of GnRH and its synthetic analogue abuse in doping control: Small bioactive
peptide UPLC-MS/MS method extension by addition of in vitro and in vivo metabolism data; evaluation of LH and steroid
profile parameter fluctuations as suitable biomarkers. Drug Test. Anal. 2018, 10, 711-722.

14. Semenistayam, E.; Zvereva, I.; Thomas, A.; Thevis, M.; Krotov, G.; Rodchenkov, G. Determination of growth hormone releasing
peptides metabolites in human urine after nasal administration of GHRP-1, GHRP-2, GHRP-6, Hexarelin and Ipamorelin. Drug
Test. Anal. 2015, 7, 919-925. [CrossRef] [PubMed]

15. Thomas, A.; Geyer, H.; Kamber, M.; Schanzer, W.; Thevis, M. Mass spectrometric determination of gonadotrophin-releasing
hormone (GnRH) in human urine for doping control purpose by mean of LC-ESI-MS/MS. |. Mass. Spectrom. 2008, 43, 908-915.
[CrossRef]

16.  Pettersson-Bohlin, K.; Ericcsson, M. Detection of small peptides in urine using LC-HRMS. In Proceedings of the Recent Advances
in Doping Analysis (25) Proceeding of the Manfred Donike Workshop 35th, Cologne, Germany, 5-10 March 2017; pp. 95-97.

17.  Jaduk, P; Grainger, J.; Goebal, C.; Van Eenoo, P.; Deventer, K. DMSO assisted electrospray ionization for the detection of small
peptide hormones in urine by dilute-and-shoot liquid chromatography-high resolution mass spectrometry. J. Am. Soc. Mass
Spectr. 2017, 28, 1657-1665.

18. Saardpun, N.; Asawesna, C.; Wilairat, P.; Kusamran, T.; Kongpatanakul, S. Application of LC/MS-IT-TOF for screening of WADA
prohibited doping peptides. In Proceedings of the Recent Advances in Doping Analysis (25) Proceeding of the Manfred Donike
Workshop 35th, Cologne, Germany, 5-10 March 2017; pp. 120-123.

19. Horning, O.B.; Theodorsen, S.; Vorm, O.; Jensen, O.N. Solid phase ectraction-liquid chromatography (SPE-LC) interface for
automated peptide separation and identification by tendam mass spectrometry. Int. |. Mass Spectrom. 2007, 268, 147-157.
[CrossRef]

20. Strzelecka, D.; Holman, S.W.; Eyes, C.E. Evaluation of dimethyl sulfoxide (DMSO) as a mobile phase additive during the top
3 label-free quantitative proteomics. Int. J. Mass Spectrom. 2015, 391, 157-160. [CrossRef]

21. Hahne, D.; Pachl, E; Ruprecht, B.; Maier, S.K,; Klaeger, S.; Helm, D.; Medard, G.; Wilm, M.; Lemeer, S.; Kuster, B. DMSO enhances
electrospray response, boosting the sensitivity of proteomic experiments. Nat. Methods 2013, 10, 989-991. [CrossRef] [PubMed]

22. Tam, PT; Wu, C,; Liu, W.; Zhang, J. Disulfide Bond Formation in Peptides by Dimethyl Sulfoxide, Scope and Applications. J. Am.
Chem. Soc. 1991, 113, 6657-6662. [CrossRef]

23. Doellinger, J.; Grossegesse, M.; Nitsche, A.; Lasch, P. DMSO as a mobile phase additive enhances detection of ubiquitination sites
by nano-LC-ESI-MS/MS. ]. Mass Spectrom. 2018, 53, 183-187. [CrossRef] [PubMed]

24. Szabo, PT.; Kele, Z. Electrospray mass spectrometry of hydrophobic compounds using dimethyl sulfoxide and dimethylfor-
mamide as solvents. Rapid Commun. Mass Spectrom. 2001, 15, 2415-2419. [CrossRef]

25.  Dmitry, B.E.; Valery, V.E. Dual Electrospray Ionization Enhancement of Proteins Enabled by DMSO Supercharging Reagent. |. Am.
Soc. Mass Spectrom. 2022, 33, 203-206.

26. Zhou, ]J.L.; Qi, LW,; Li, P. Herbal medicine analysis by liquid chromatography/time-of-flight mass spectrometry. . Chromatogr. A

2009, 1216, 7582-7594. [CrossRef] [PubMed]


https://doi.org/10.1097/GCO.0b013e3281338874
https://doi.org/10.4103/0974-1208.142476
https://www.ncbi.nlm.nih.gov/pubmed/25395741
https://doi.org/10.1016/S0006-291X(71)80019-0
https://doi.org/10.1210/er.2004-0017
https://www.cancer.org/cancer/prostate-cancer/treatment/hormone-therapy.html
https://www.cancer.org/cancer/prostate-cancer/treatment/hormone-therapy.html
https://www.cancer.gov/types/prostate-hormone-therapy-fact-sheet.html
https://www.cancer.gov/types/prostate-hormone-therapy-fact-sheet.html
https://doi.org/10.1002/jso.2930490109
https://doi.org/10.1016/j.jsbmb.2014.01.011
https://www.wada-ama.org/sites/default/files/resources/files/wada-2016-prohibited-list-en.pdf
https://www.wada-ama.org/sites/default/files/resources/files/wada-2016-prohibited-list-en.pdf
https://doi.org/10.1039/B618748J
https://doi.org/10.1002/dta.1787
https://www.ncbi.nlm.nih.gov/pubmed/25869809
https://doi.org/10.1002/jms.1453
https://doi.org/10.1016/j.ijms.2007.06.017
https://doi.org/10.1016/j.ijms.2015.07.004
https://doi.org/10.1038/nmeth.2610
https://www.ncbi.nlm.nih.gov/pubmed/23975139
https://doi.org/10.1021/ja00017a044
https://doi.org/10.1002/jms.4049
https://www.ncbi.nlm.nih.gov/pubmed/29193534
https://doi.org/10.1002/rcm.526
https://doi.org/10.1016/j.chroma.2009.05.054
https://www.ncbi.nlm.nih.gov/pubmed/19501368

Molecules 2023, 28, 4572 12 of 12

27.

28.

29.

30.
31.

32.
33.

34.

35.

Jonscher, K.R,; Yates, J.R. The Quadrupole Ion Trap Mass Spectrometer—A Small Solution to a Big Challenge. Anal. Biochem. 1997,
244, 1-15. [CrossRef] [PubMed]

Chen, X.F; Wu, H.T;; Tan, G.G.; Zhu, Z.Y,; Chai, Y.F. Liquid chromatography coupled with time-of-flight and ion trap mass
spectrometry for qualitative analysis of herbal medicines. J. Pharm. Anal. 2011, 1, 235-245. [CrossRef] [PubMed]

Ravi, A.; Richard, ].; Michael, F.; David, A. Bottom-Up Mass Spectrometry—Based Proteomics as an Investigative Analytical Tool
for Discovery and Quantification of Proteins in Biological Samples. Adv. Wound Care 2012, 2, 549-557.

Ankit, S.; Matthias, M. A beginner’s guide to mass spectrometry—Based proteomics. Biochemistry 2020, 42, 64-69.

Yao, J.E; Yang, H.; Zhao, Y.Z.; Xue, M. Metabolism of peptide drugs and strategies to improve their metabolic stability. Curr. Drug
Metab. 2018, 19, 892-901. [CrossRef]

Brian Chia, C.S. A Review on the Metabolism of 25 Peptides Drugs. Int. J. Pept. Res. Ther. 2021, 27, 1397-1418. [CrossRef]

ISO. General Requirements for the Competence of Testing and Calibration Laboratories ISO/IEC17025:2017. Available online:
https:/ /www.iso.org/standard /66912.html (accessed on 7 July 2020).

FDA. Bioanalytical Method Validation Guidance for Industry. Available online: https:/ /www.fda.gov /files/drugs/published /
Bioanalytical-Method-Validation-Guidance-for-Industry.pdf (accessed on 20 May 2023).

Russell, H.T.; Sylvie, M.E,; Brigitte, L.S.; Harvey, K.; Mary, A.H. Covalent protein immobilization on glass surfaces: Application to
alkaline phosphatase. J. Biotechnol. 2005, 188, 265-269.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1006/abio.1996.9877
https://www.ncbi.nlm.nih.gov/pubmed/9025900
https://doi.org/10.1016/j.jpha.2011.09.008
https://www.ncbi.nlm.nih.gov/pubmed/29403704
https://doi.org/10.2174/1389200219666180628171531
https://doi.org/10.1007/s10989-021-10177-0
https://www.iso.org/standard/66912.html
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf

	Introduction 
	Results 
	Validation Results 
	Effect of DMSO Additive in the Mobile Phase 
	Analysis of Urine from Five Prostate Cancer Patients 
	Detection and Identification of In Vivo Triptorelin Metabolite 

	Discussion 
	Materials and Methods 
	Chemicals and Materials 
	LC/MS-IT-TOF Instrument 
	Standard Solutions 
	Method Validation Parameters 
	Collection and Storage of Urine Samples 
	Urine Sample Preparation 
	LC/MS-IT-TOF Conditions 
	Statistic Analysis 

	Conclusions 
	References

