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Rationale: In addition to the development of adequate screening methods for

multiple compounds, the World Anti‐Doping Agency (WADA) requires anti‐doping

laboratories to analyze prohibited substances and their metabolites from various

classes. This task presents a difficult challenge for all agencies and interests involved

in the field of doping control.

Methods: A screening method is reported in which hybrid sample preparation was

performed using a combination of weak cation‐exchange solid‐phase extraction

(WCX‐SPE) and the ‘Dilute and Shoot’ strategy in order to take advantage of both

the methodologies. Target substances were extracted using a WCX cartridge and

reconstituted with a diluted sample aliquot that included 20% of an untreated urine

sample. The target substances were further analyzed by high‐performance liquid

chromatography/triple quadrupole mass spectrometry (LC/MS).

Results: The SPE procedure was optimized using a cartridge‐washing step, elution

conditions, and elution volume. The cartridge‐washing step, which was performed

using 10% methanol, improved the overall recovery of target substances. Since

the recovery was observed to vary according to the pH of the eluting solution,

we applied an elution step using both an acid and a basic organic solvent to achieve

complementary recovery. Reconstitution of the diluted aliquot sample was performed

to recover the polar substances.

Conclusions: The method was validated and applied to real samples in accordance

with the external quality assessment scheme of WADA and to the previously reported

samples that had provided positive test results. This novel method using hybrid

sample preparation and LC/MS could be useful to screen multiple classes of the

264 targeted substances in anti‐doping analysis.
1 | INTRODUCTION

The World Anti‐Doping Agency (WADA) annually publishes a list in

which prohibited drugs are organized into twelve classes and the three

forbidden methods of chemical and physical manipulation, gene

doping, and the manipulation of blood and blood components.1 The
wileyonlinelibrary.com
number of drugs deemed as “prohibited” has dramatically increased

over the decades, which has led to increased demands for stricter

anti‐doping policies and control methods.2 In light of these demands

for more control, class‐dependent or multi‐class approaches for

analysis have evolved over the years. Liquid chromatography/tandem

mass spectrometry (LC/MS/MS) is now extensively utilized due to its
Copyright © 2018 John Wiley & Sons, Ltd./journal/rcm 897

http://orcid.org/0000-0001-7861-7375
http://orcid.org/0000-0002-0000-0591
http://orcid.org/0000-0001-7548-0297
http://orcid.org/0000-0002-5454-2601
http://orcid.org/0000-0002-0962-1837
mailto:kihun.kim@kist.re.kr
https://doi.org/10.1002/rcm.8119
http://wileyonlinelibrary.com/journal/rcm


898 KIM ET AL.
high selectivity and sensitivity. In addition, many doping analyses are

conducted using various extraction methodologies, such as liquid–

liquid extraction (LLE), protein precipitation (PP), or solid‐phase

extraction (SPE).3-11 SPE presents several advantages over LLE or PP

because it includes a relatively simple pre‐treatment procedure and

is less dependent on the proficiency of the researcher. Moreover, it

involves less sample manipulation, which should provide good

reproducibility and thus higher sensitivity and selectivity. Various

SPE sorbents have also been developed and can be selected according

to the target compounds or the sample matrix.5,12-15 Among the

various types of SPE, mixed‐mode weak cation‐exchange solid‐phase

extraction (WCX‐SPE) offers both cation‐exchange and reversed‐

phase interactions, which are properties that facilitate the extraction

of various analytes across an extensive range of physicochemical

characteristics. In the anti‐doping field, WADA‐prohibited peptides

that stimulate the secretion of growth hormones, such as growth

hormone releasing peptides (GHRPs), have been successfully analyzed

recently, and the analytical method was validated usingWCX‐SPE.16,17

However, an extraction method based on WCX‐SPE has its

drawbacks; it is difficult to extract highly polar analytes as SPE

requires the use of an organic solvent as an eluent. Meldonium is a

characteristic example of a highly polar prohibited compound that is

difficult to extract. Since 2016, meldonium (mildronate; 3‐(2,2,2‐

trimethylhydrazinium)propionate) has been prohibited by WADA

because of its effect on the production of lactic acid. Meldonium is

known to reduce lactic acid levels, thus enhancing both the energy

storage and the endurance of elite athletes.18 Furthermore, to

evaluate the exact concentration of drugs in urine, the conjugated

metabolites, such as glucuronides, sulfates, or cysteinyl conjugates,

have to be de‐conjugated in order to use the multiclass doping

analysis method.19-24

Ethyl glucuronide (EtG) is considered to be a biomarker for

ethanol consumption since high levels of EtG are often correlated with

abnormal steroid profiles. In particular, consumption of ethanol is

assumed to cause an elevation of the testosterone/epitestosterone

ratio and a decrease in the androsterone/testosterone ratio. To

correlate these abnormal steroid profile ratios, it is necessary for doping

control to determine the concentration of EtG in urine.21,25 Several

analytical methods have been reported for the analysis of these

compounds; however, most of these approaches require a variety of

sample preparation methods or instrumental conditions, which in

turn leads to more complicated assays.26-29 Recently, an approach

was developed that is highly compatible with the analysis of hydrophilic

compounds.30,31 Known as the “Dilute and Shoot” (DnS) strategy, this

method does not require any additional sample extraction step but,

rather, a simpledilutionof the sample itself. The absenceof anextraction

step allows for the detection of hydrophilic compounds and facilitates

the development of multi‐class analyses. The DnS strategy also has its

drawbacks, however; it is difficult to analyze a sample containing low

concentrations of analytes because of the high matrix effect.

In this study, an initial testing method was developed based on

hybrid sample preparation by utilizing a combination of WCX‐SPE

and the “Dilute and Shoot” strategy for 264 prohibited drugs and their

analogs. The extraction step was optimized in order to encompass

multiple classes of compounds, and a dual elution step for both acidic
and basic conditions was developed to ensure higher recovery of

specific compounds. The DnS strategy was also introduced via the

addition of urine samples in reconstituted solutions to simultaneously

analyze the levels of meldonium and ethyl glucuronide. The optimized

initial screening method was validated for routine analysis and was

applied to real samples. A triple quadrupole mass spectrometer was

used because it offered some advantages over other types of mass

spectrometers. Mass spectrometers based on Orbitrap technology

tend to have a much higher resolution and are extensively used for

assays. Musenga and Cowan developed a fast screening method using

these high‐resolution mass spectrometers; however, the method was

mostly performed in full scan mode without product ion scanning,

which does not provide product ions that can confirm the presence

of the target analytes.32 To minimize the occurrence of false negative

or false positive results, we employed selected reaction monitoring

(SRM) analysis on a triple quadrupole mass spectrometer, which

provides the benefit of monitoring both the precursor and the product

ions within a short transition time. Although SRM analysis has the

limitation that it loses information other than that of the selected

precursor‐product ion transition, monitoring a single ion transition is

enough for a screening method. By applying SRM analysis on the triple

quadrupole mass spectrometer, we are able to analyze a total of 264

prohibited compounds, including anabolic agents, peptide hormones

and growth factors, beta‐2 agonists, hormone and metabolic

modulators, diuretics and masking agents, stimulants, narcotics,

cannabinoids, glucocorticoids, and beta‐blockers. This enabled us to

monitor these compounds and to detect the manipulation of blood

and blood components.

Thus, the optimization, validation, and real application of a new

SPE method based on dual elution are reported in this study. In

addition, the use of this method for increasing the recovery of specific

substances after analysis is described.
2 | EXPERIMENTAL

2.1 | Chemicals and reagents

All the standard substances were purchased in pharmaceutical grade

from various suppliers. Supplier information is provided in supporting

information 1. Methanol was obtained from J.T. Baker (Phillipsburg,

NJ, USA). Citric acid, sodium citrate, and ammonium hydroxide were

obtained from Sigma‐Aldrich (St Louis, MO, USA). β‐Glucuronidase/

sulfatase was purchased from Roche Diagnostics (Mannheim,

Germany). Phosphoric acid and formic acid were supplied by Wako

Pure Chemical Industries (Osaka, Japan). The water used in the

experiments was purified using a Milli‐Q system (Millipore, Bedford,

MA, USA). All the reagents and solvents were of analytical grade.
2.2 | LC/MS analysis

The liquid chromatography and mass spectrometry conditions

employed were similar to those in our previously reported study.9

Briefly, chromatographic separation was conducted using a Thermo

Scientific™ Vanquish™ UHPLC system (ThermoFinnigan, San Jose,

CA, USA) with a Kinetex® C18 column (100 mm × 2.1 mm I.D.;
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2.6‐μm particle size; Phenomenex, Torrance, CA, USA) connected to a

guard column (2.1 mm I.D.). The mobile phase consisted of water (A)

and methanol (B), both of which contained 0.1% formic acid. The initial

gradient composition (98% A/2% B) was maintained for 0.5 min and

was linearly increased up to 95% B over 8 min and maintained for

0.5 min before being decreased to 2% B over 0.01 min. Afterwards,

equilibration was performed for 1 min. The flow rate was set

to 0.5 mL/min. The column temperature was fixed at 35°C.

The mass spectrometer was a TSQ Quantiva™ triple quadrupole

mass spectrometer (ThermoFinnigan) equipped with an electrospray

ionization (ESI) source. The ion spray voltages were set to 4.5 kV

(positive mode) and 3.5 kV (negative mode); the capillary temperature

was 320°C and the vaporizer temperature was 340°C in both modes.

Nitrogen gas was used for both the sheath gas and the auxiliary gas

at flow rates of 60 arbitrary units (arb) and 15 arb, respectively. The

experiments were performed using SRM with collision‐induced

dissociation. An optimized SRM method was obtained via continuous

infusion of the analytes into the ESI source in both positive and

negative mode at a flow rate of 5 μL/min. The optimized SRM method

and the minimum required performance level (MRPL) results are

reported in supporting information 2.33
2.3 | Preparation of standard solutions and samples
for WCX‐SPE

All the stock solutions were prepared by dissolving each standard

compound in methanol or dimethyl sulfoxide (DMSO) at a concentration

of 1000 μg/mL. The dissolved standard compoundswere further diluted,

along with compounds in the same groups, to specific concentrations

before being stored at −20°C. The internal standard mixture consisted

of methaqualone (25 ng/mL), ethyltheophiline (100 ng/mL), heavy‐

isotope‐labeled [(13C,15N)Lys] GHRP‐2 (H‐D‐Ala‐D‐2‐Nal‐Ala‐Trp‐

D‐Phe‐Lys‐NH2) and GHRP‐6 (His‐D‐Trp‐Ala‐Trp‐D‐Phe‐Lys‐NH2)

(2 ng/mL) to evaluate the assay performance, and potassium4‐nitrophenyl

sulfate (100 ng/mL) and 4‐nitrophenyl β‐D‐glucuronide (100 ng/mL)

to evaluate the enzymatic hydrolysis. Formic acid (5%) in methanol

was prepared by diluting 500 μL of 99% formic acid in 9.5 mL of

methanol. To obtain 1% ammonium hydroxide in methanol, 400 μL

of 25% ammonium hydroxide was diluted using 9.6 mL of methanol.

21 g of citric acid monohydrate was dissolved in 1000 mL of water.

The potassium carbonate solution was produced by dissolving 50 g

of potassium carbonate in 1000 mL of water. 95 mL of 0.1 M citric

acid and 415 mL of 0.1 M sodium citrate were diluted with water

to obtain a final volume of 1000 mL, and 2 mL of 5 N potassium

hydroxide was added to adjust the pH to 6.0.9,34

An aliquot of 40 μL was taken from the 2 mL sample and was

transferred to an Eppendorf tube for reconstitution. An internal

standard mixture (10 μL, ISTD), 700 μL of 0.1 M citrate buffer, and

50 μL of β‐glucuronidase/arylsulfatase were added to the remaining

sample volume of 1960 μL. Hydrolysis was performed according to

the previously established in‐house methodologies.9,34 The SPE

cartridge was washed using 2 mL of methanol and was conditioned

with 2 mL of water. Before the sample was loaded onto the SPE

cartridge, 100 μL of 4% phosphoric acid was added to the hydrolyzed

sample. In order to remove interferences, 2 mL of 10% methanol in
water was used to load the sample cartridge. 2 mL of 5% formic acid

in methanol and 1% ammonium hydroxide in methanol were added

to the cartridge, consecutively. The eluted sample was dried using an

N2 evaporator for 25 min at 50°C. The resultant residue was

reconstituted using 200 μL of the diluted sample aliquot, which

consisted of 40 μL of the previously transferred sample and 160 μL

of the mobile phase mixture (95% A/5% B, v/v). The aliquot (150 μL)

was further transferred to a 1.5‐mL vial after being centrifuged

for 10 min at 10,000 g. A sample (10 μL) was then injected into the

LC/MS instrument for analysis.

2.4 | Complementary effect of the SPE and DnS
methods

To evaluate the complementary effect of the two different

sample preparation methods, the sample with the fortified standard

compounds at 50% of the MRPL level (required LOD level from

WADA guideline) was prepared using the Dilute and Shoot method

that was previously developed in our laboratory:35 300 μL of the

sample was centrifuged for 10 min, and 90 μL of the supernatant

was combined with 10 μL of ISTD. Further analysis using LC/MS

was performed with the method previously described.
3 | RESULTS AND DISCUSSION

3.1 | Sample preparation for WCX‐SPE

The effectiveness of the de‐conjugation step was evaluated by

monitoring the amount of 4‐nitrophenol that was released as a product

of the potassium 4‐nitrophenyl sulfate and the 4‐nitrophenyl β‐D‐

glucuronide that were present in the internal standard mixture.

Sample loading was performed under acidic conditions in order to

protonate the analytes, which readily promoted the interaction with

the cation exchanger via the addition of 100 μL of 4% phosphoric

acid. To obtain sufficient overall sensitivity to the target compounds

with increased specificity for the analytical procedure, each SPE step

was optimized after loading the sample. Different elution conditions,

wash procedures, and reconstitution steps were considered. The

measure for optimization was based on the overall recovery of the

264 target compounds and was not based on the highest recovery

of only a few compounds. To eliminate interferences from the

matrix after sample loading, an optimized wash protocol was required.

Four different concentrations of methanol in water (0%, 10%, 20%,

and 50%) were compared. Of the 264 compounds that were examined,

187 showed the highest intensities when washed on the WCX‐SPE

cartridge using 50% methanol in water. However, since 25 of these

compounds provided less than 10% intensity using this wash protocol

rather than the other wash protocols, it was concluded that a protocol

using 50% methanol in water was not suitable for the analysis

of various classes of compounds. In order to obtain satisfactory

intensities for all the 264 target compounds, 10% methanol in water

was chosen as the wash protocol. (Figure 1).

At low pH levels, organic solvents, such as methanol or acetonitrile,

are extensively employed for elution on WCX‐SPE. Elution of the

analytes was performed by collapsing the ion‐exchange interaction



FIGURE 1 Optimization of the wash protocol using concentrations of methanol in water ranging from 0% to 50%. Under the protocol, the
highest intensities were noted for 187 compounds while using 50% methanol in water (A), whereas 25 compounds were completely lost (B)
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via the introduction of a high concentration of counterions (hydrogen

ions in this case).36-39 Although 5% formic acid in methanol was

initially introduced for elution, some compounds (especially prohibited

peptides such as alexamorelin (2‐7), GHRP‐1 (2‐7), and ipamorelin)

were not detected at all or showed poor recovery. Alternative

approaches that were aimed at overcoming these flaws were

investigated. When 1% ammonium hydroxide in methanol was

introduced,5 the GHRPs that were not previously extracted under

low pH conditions were successfully detected. Furthermore, 99 of

the 264 compounds showed enhanced recovery levels of more

than 50%. It is suggested that this method utilizes a mechanism for

cation‐exchange chromatography, which is similar to that used for

the separation of peptides or proteins by strategically increasing the

pH levels.40,41 High pH levels of the buffer induce disruption of the

electrostatic interaction between the analytes and the SPE cartridge

stationary phase by modifying the positively charged analytes into

neutral or negatively charged ones.42 However, 34 of the compounds

were observed to have drastically reduced intensities under high pH

conditions compared with when using elution with 5% formic acid in

methanol. Thus, in order to take advantage of both sets of elution

conditions, elution with 5% formic acid in methanol was followed

by elution with 1% ammonium hydroxide in methanol. Both eluates

were collected in the same glass tube. The reason for the significant

difference in the recovery of the target substances under the various

elution conditions is not clear. However, consecutive elution steps

facilitated the elution of all the target compounds. Figure 2 depicts the

trends observed under different elution conditions. For comparative

purposes, 4 mL of 5% formic acid in methanol (top), 4 mL of 1%

ammonium hydroxide in methanol (middle), and a 2‐mL aliquot of each

elution solvent (bottom) were applied, consecutively.

The volume of the elution solvent is also an important factor for

achieving higher recovery levels. Small amounts of the elution solvent

do not seem to provide enough capacity for analyte elution. However,

large amounts of the elution solvent increase the sample preparation

time and can also decrease the peak area of analytes; this could be

because the impurities that are not eliminated during the washing

step could be easily extracted.12 In order to achieve the optimum

elution volume, analyses were conducted using the elution volumes

of 1, 2, 4, and 6 mL. It was observed that an elution volume of 4 mL

provided sufficient capacity for elution and minimized both the
sample preparation time and the possibility of eluting unexpected

interferences. Therefore, this volume was chosen for our optimized

protocol. It is worth noting that elution volumes greater than 4 mL

did not show any significant variations in the amounts of target

compound recovered (data not shown).

A diluted sample aliquot comprising 40 μL of the previously

transferred sample and 160 μL of the reconstituted solvent (95%/

5%/0.1%, water/methanol/formic acid, v/v/v) was applied to reconsti-

tute the dry residues. Figure 3 illustrates two conditions under which

reconstitution was conducted. It was revealed that using a dilute

sample aliquot for reconstitution caused the detection of both

meldonium and ethyl glucuronide. Although those two compounds

were lost during the sample extraction procedure, we were able to

detect them using the sample aliquot. Small amounts of interference

in the sample aliquot did not affect the recovery of other compounds.

Chromatograms for all the target substances are depicted in

supporting information 3.
3.2 | Method validation

The developed procedure was validated by considering parameters,

such as selectivity, matrix effect, intra‐ and inter‐day precision values,

the limit of detection (LOD), and the recovery amount, as required by

the ISO/IEC 17025 and WADA guidelines.

Compounds which were both spiked and not spiked with five

different urine samples were prepared and analyzed in accordance

with the established protocol in order to investigate the selectivity

of our method. As the presence of interference peaks may cause false

negative or false positive results, chromatograms for the prepared

spiked samples were overlapped with those of the non‐spiked samples

to check for the appearance of any interference peaks at the same

retention time (RT). No interference peaks were observed.

The intra‐ and inter‐day precisions were investigated by analyzing

the six replicated urine samples that had been fortified with the target

substances at three different concentrations (low, mid, and high) in

both single and 3‐day periods (n = 6/6/6 and 18/18/18). These were

evaluated in relation to the relative standard deviation (% RSD) of the

chromatogram area. For precision data, each concentration range for

the mixed standard solution was prepared using half of the differences

in serial dilution. The values obtained for the mid‐range concentration



FIGURE 3 Chromatograms of meldonium (A) and ethyl glucuronide (B) obtained via either reconstitution with dilute sample aliquot [40 μL of
sample aliquot and 160 μL of the reconstitution solvent (95%/5%/0.1%, water/methanol/formic acid, v/v/v)] (top) or reconstitution without
the diluted sample aliquot (bottom). The concentration of meldonium was 200 ng/mL, whereas the concentration of ethyl glucuronide was
1000 ng/mL

FIGURE 2 Chromatograms of the representative target compounds under three different elution conditions. The compounds that depicted
higher recovery in conditions of 1% ammonium hydroxide in methanol are illustrated by the initial four figures: (A) Alexamorelin (2‐7) (RT: 5.04 min);
(B) GHRP‐1 (2–7)‐OH (RT: 5.61 min); (C) Ipamorelin (RT: 3.87 min); and (D) 3‐OH‐prostanozol (RT: 6.52 min). However, the exemplified compounds
that illustrated higher recovery by the elution of 5% formic acid in methanol are represented in the last four chromatograms: (E) DMA (RT: 3.13 min);
Ethylamphetamine (RT: 3.43 min) and Mephentermine (RT: 3.61 min); (F) Methylhexaneamine (RT: 3.42 min) and Tuaminoheptane (RT: 3.71 min);
(G) Selegiline (RT: 3.58 min); and (H) Benzphetamine (RT: 4.81 min)
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FIGURE 4 Compounds of GHRP depicted equal or higher LOD than
that depicted by the previously developed method. The 1 ng/mL of
LOD that was obtained using the developed method and (A) GHRP‐5;
(B) GHRP‐6; (C) GHRP‐1 (3‐7); (D) GHRP‐1 (2–7)‐OH) are illustrated

902 KIM ET AL.
of the target substances are illustrated in supporting information 4.

Intra‐ and inter‐day precision limits help to evaluate the robustness of

the retention times and the abundance of the diagnostic ion transitions

for the target substances. The RSD values for intra‐day precision

ranged from 1.30% to 22.73%, whereas those for the inter‐day

precision ranged from 5.30% to 24.25%. In all cases, the coefficient

of variance (CV) was less than 25%. Only the precision data for the

mid‐range concentration is depicted.
FIGURE 5 Chromatograms obtained after applying the developed metho
concentrations: (A) O‐dephenylandarine, 20 ng/mL; (B) trimetazidine, 20 ng
negative control urine samples, whereas the right column shows the resul
The matrix effect of the method was assessed by conducting

three replicate analyses of urine samples that were spiked with

either the target compounds (QC_pos) or water (QC_water). The

matrix effect was determined by comparing the peak area of

QC_pos with that of the QC_water samples. The matrix effect was

calculated using the following equation, with the results ranging

from 7.55% to 164.98%:

Matrix effect MEð Þ ¼ Peak area of target compound of sample in urine=

Peak area of target compound of sample in water×

100%

To evaluate the analyte recovery, we analyzed three replicates of

the QC_pos samples and three replicates of the recovery sample in

which the target substances were spiked after extracting the pooled

urine. The peak areas were determined in order to obtain the recovery

values. The peak areas of the QC_pos samples were divided into those

of the recovery sample. The recovery values ranged from 2.06%

to 124.99%. Meldonium and ethyl glucuronide, which were lost

through WCX‐SPE, showed a recovery range of 2.52% and

2.06%. These values were estimated since these two compounds only

existed in the 40‐μL sample aliquot that had been introduced in the

reconstitution step.

Five replicates of the urine samples that had been spiked with the

target compounds at different concentrations were prepared

and analyzed in order to define the LOD. The concentrations were

1‐, 0.5‐, 0.2‐, 0.1‐, 0.05‐, 0.02‐, 0.01‐, 0.005‐, 0.002‐, and 0.001‐fold

of the low‐range concentrations for precision calculations. The LOD

was defined as the lowest concentration at which all five samples

can be detected with a signal‐to‐noise ratio of ≥3. Using the

established method, the LODs of the analytes ranged from 0.005 to
d. The left column shows the positive control urine samples at specific
/mL; and (C) betamethasone, 30 ng/mL). The middle column represents
ts for the WADA EQAS sample
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250 ng/mL and were equal to or less than 50% of the MRPL.

The validation results are depicted in supporting information 4.
3.3 | Complementary effect of the SPE and DnS
methods

In the developed method, the solid‐phase extraction and dilute and

shoot methods were associated. The combination of the two sample

preparation steps provided better sensitivity than when simply using

dilute and shoot because this method does not possess any extraction

or enrichment step. Furthermore, eight compounds (norclostebol,

hexarelin, GHRP‐1 (2‐7), GHRP‐1 (2–7)‐OH, GHRP‐1 (3‐7), GHRP‐5,

GHRP‐6, and zearalenone) were not detected at 50% of the MRPL

level using the DnS method. They were only detected after the

extraction step using WCX‐SPE.
3.4 | Comparison with previous methods

To evaluate the sensitivity of the developed method, we compared it

with the previous in‐house methodologies.9,43 Even if the assays were

performed under different chromatographic and mass spectrometric

conditions, we were still able to appraise the sensitivity of our novel

method with some degree of certainty. Of the 264 target compounds,

181 were investigated. Of the target substances, 70.2% (127/138)

yielded lower LOD values than in the previous assays. In the case of

benzoylecgonine the sensitivity was 200‐fold higher than that by the

LOD comparison. For GHRP‐6 (2–5)‐OH and GHRP‐1 (3‐7), the

developed method was observed to be 10‐ and 5‐fold better than

the LOD, respectively; however, these values still satisfied WADA's

guideline requirements for the LOD, which states that the results for

an initial screening method should be equal to or less than that of

the MRPL. The value obtained for GHRP was 1 ng/mL (Figure 4).
3.5 | Applications to real samples

The developed method was employed to analyze 37 blind urine

samples, including those from WADA EQAS for 2017. Three results

of the WADA EQAS samples (O‐dephenylandarine, trimetazidine,

and betamethasone) are depicted in Figure 5.
4 | CONCLUSIONS

In this study, a new screening method for the evaluation of 264

prohibited drugs and their metabolites was developed and validated

for use in anti‐doping analyses. This novel method is based on

WCX‐SPE sample preparation and LC/MS. To cover the diverse

chemical properties of the numerous target analytes, various parts of

the sample preparation step were optimized, including the wash

protocol, the elution conditions and volume, and the reconstitution

steps. Recovery of the compounds depends on the elution conditions

being utilized. Some compounds, including the GHRPs, were

efficiently extracted under basic conditions using an ammonium

hydroxide/methanol solution instead of formic acid. In contrast, an

acidic elution solvent provided higher extraction efficiency for 34

compounds, some of which contained amino groups. In order to
establish the ability of the assay to examine different classes of

compounds, acidic–basic double extraction of WCX‐SPE was

employed. The optimized elution volume was determined to be 4 mL

of the total volume of the eluent and was simultaneously shown to

have high extraction efficiencies although it did require adequate

extraction times. The “Dilute and Shoot” strategy was employed for

the reconstitution step of meldonium because extraction was

challenging using WCX‐SPE and of ethyl glucuronide that was

degraded by enzyme hydrolysis. All the validation results satisfied

the requirements of ISO/IEC 17025 and WADA guidelines. To

evaluate the applicability of the developed method, we analyzed 37

samples, including those of WADA EQAS. In addition, the presented

method was used to analyze more than 800 samples with no observed

false negative or positive results, which implied that it is a reliable tool

in the field of anti‐doping analysis.
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