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Screening analysis of doping agents in horse urine
and plasma with dilute and shoot using liquid
chromatography high resolution mass
spectrometry†

Eylem Funda Göktaş, *a Erol Kabil, a Esma Söylemez Yeşilçimen b,c and
Levent Dirikolu d

Various technical methodologies are required to accurately detect substances of different chemical and

pharmacological properties in biological samples, which are increasing in number and variety daily.

Therefore, laboratories where many samples and different factors are analyzed simultaneously need

methods with easy sample preparation, short analysis times and low analysis costs. In this study, the

objective was to scan substances susceptible to chemical degradation, amenable to analysis without

hydrolysis, and exhibiting short-term stability by employing a straightforward, expeditious, and cost-

efficient method. For this purpose, a high-throughput dilute and shoot screening protocol was developed

and validated utilizing high-performance liquid chromatography coupled with high-resolution mass spec-

trometry to analyze various pharmacological compounds in horse urine and plasma. Over 200 prohibited

substances across multiple categories were scanned within a 13 minute run. Chromatographic separation

was performed on a C18 column using an elution gradient of mobile phase A, 5 mM ammonium bicar-

bonate at pH 9, and mobile phase B, methanol, at a flow rate of 0.3 mL min−1. The method was validated

according to the specifications of 2002/657/EC multi-screening requirements. The detection capability

ranged from ≤1 to 200 ng mL−1 for prohibited substances. The implementation of the screening method

in doping analysis, and the analysis of real positive case samples served to underscore the practical appli-

cability of the developed method. To the best of our knowledge, this is a rare method that can be applied

to both urine and plasma samples and provides a rapid, practical, broad-spectrum, and high-throughput

analysis of prohibited substances in horse plasma and urine cost-effectively.

Introduction

In equine sports, both performance-enhancing and perform-
ance-impairing substances (or methods) can be used to
manipulate race.1 Therefore, the number of substances to be
analyzed in horseracing is much greater than that of in human
sports. In addition, the number of test samples for drug

screening by anti-doping laboratories continues to grow. Thus,
the challenge faced by horse and human doping control lab-
oratories is the increase in easily available drugs that are
capable of affecting the performance of horses and human
athletes.2 Doping laboratories must also analyze the sub-
stances used for the treatment of horses, dietary, environ-
mental, and endogenous as well as prohibited substances
according to the IFHA rules.3 The diversity of the structural
and pharmacological properties of drugs has made it necess-
ary to adopt sensitive, economical, and simple sample prepa-
ration methods that can detect a wider range of drugs during a
single analysis method due to several limitations, such as
limited sample volume, large number of samples, etc.4–6

For high-throughput doping analysis, liquid–liquid and solid-
phase extraction techniques are commonly used, but poor extrac-
tion can be an issue for many polar substances.7 The technique
called ‘direct injection’ or “dilute and shoot (DS)” has been
applied.8–11 It has been reported that DS has been applied using
LC MS–MS for the detection of many different substances in bio-
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logical samples of humans and horses.12–18 LC-HRMS offers
high resolution and stable mass accuracy without the need for
internal mass calibration. By coupling with external devices,
such as a linear ion trap or a quadrupole, hybrid Orbitrap instru-
ments can provide sensitive HRMS full scans as well as tandem
HRMS/MS scans, thereby permitting both nontargeted screening
and targeted screening in a single analytical method. Data
obtained in the full scan and HRMS/MS scan can be evaluated
for accurate mass, retention time, isotope pattern, selected frag-
ment ions and HRMS/MS spectra, thereby greatly improving
screening selectivity. Several studies have described the use of
UHPLC for screening of doping agents4,19–22 and for toxicologi-
cal analysis.7,23 The DS technique in combination with HRMS
has shown successful results, but few studies have been con-
ducted simultaneously on both urine and plasma samples, and
these studies have applied different sample preparation steps for
plasma and urine.7

In the literature, some studies highlighted the key advan-
tages of DS-LC-MS (i.e. the lack of sample preparation, chemi-
cal or enzyme application), the universal applicability of the
methodology and the ability to combine different classes of
compounds in a single DS-LC-MS method.9 The dilute and
shoot technique can detect a wide range of acidic, neutral and
basic drugs in a single analysis. This method can also be
useful for scanning polar glucuronides, sulphate-bound sub-
stances that are difficult to extract, substances that can
degrade by enzymatic or chemical interactions, and com-
pounds with low stability that need to be analyzed quickly. For
instance, diuretics have different physicochemical properties,
complicating extraction procedures.9 Therefore, some diuretics
are susceptible to degradation24 and may be hydrolyzed in
solution.4 Some substances contain easily exchangeable
proton groups, such as opiates and stimulants, so that
efficient ionization can be achieved and they can be suitable
for analysis by the DS method.9 Additionally, doping agents
with a basic nitrogen group, such as narcotic substances are
easily ionized. Therefore, these aforementioned compounds
were previously detected using the DS methods.15,25,26 In some
studies, substances determined by IFHA as feed contaminants,
substances with IRL values and substances with screening
limits were analyzed by direct injection technique (such as sal-
icylic acid,27 AICAR,14 3-methoxytyramine,28 and hydrocorti-
sone29). However, there is a continuing need for an accelerated
process for the analysis of large numbers of urine/plasma
samples.6

In this study, more than 200 performance altering sub-
stances were simultaneously screened in urine and plasma for
the first time using a sensitive mass spectrometer equipped
with Orbitrap technology. This method permits the detection
of substances in a short time (13 min) with a single analysis
without the need for complex sample preparation. Following
the multi-screening method specifications of 2002/657/EC,
selectivity, specificity, ruggedness, carry-over, and matrix
effects were investigated. The screening protocol was applied
to retrospective analysis, real positive samples and hundreds
of authentic post-race samples.

Experimental section
Chemicals and reagents

Acetonitrile (ACN) (LC-MS grade) was obtained from J. T. Baker
(Phillipsburg, NJ, USA). Methanol (MeOH) (LC-MS grade) was
obtained from Carlo Erba (Emmendingen, Germany).
Ammonium bicarbonate (LC-MS) was purchased from
Honeywell, (Charlotte, North Carolina, USA). Ammonium
hydroxide solution (25–30% NH3 basis) was obtained from
Sigma Aldrich (St Louis, Missouri, USA). Deionized water was
obtained from a water purification system (Elga-Veolia Water
Solutions & Technologies, UK). All the reagents were of analyti-
cal grade.

Materials

The reference standards used were obtained from various
pharmaceutical companies and summarized in Table 1 accord-
ing to the supplier: (1) LGC (Middlesex, UK), (2) EDQM
(Strasbourg, France), (3) Santa Cruz, (4) USP (MD, USA), (5)
Cayman (Michigan, USA), (6) Dr Ehrenstorfer (LGC) (Middlesex
UK), (7) TRC (Toronto, Canada), (8) CHIRON AS (Trondheim,
Norway), (9) Sigma (Schnelldorf, Germany), (10) TCI
(Merseyside, UK), (11) Clearsynth (Hyderabad, INDIA), (12)
HPC (Cunnersdorf, Germany), (13) Lipomed (Cambridge, MA),
(14) Carbosynth (UK), (15) Steraloids (Newport, USA), (16) LKT
(Minnesota, USA), (17) Witega (Berlin, Germany), (18) Deva
Pharma (Istanbul, Türkiye), (19) HIKAL (Navi Mumbai, India),
(20) MCE, (Sollentuna, Sweden), (21) Spoluka Chemical (Kyiv,
Ukraine) (22) The following substances were kindly provided
by the Veterinary Control Central Research Institute (Ankara,
Türkiye). All reference standards were of pharmaceutical
grade.

Microcentrifuge tubes were purchased from VWR
(Leicestershire, England), the vortex mixer was purchased from
QLAB MVM25 (Istanbul, Türkiye), and the ultracentrifuge was
purchased from Beckman Coulter Allegra X-30R (Brea,
California, USA).

Instrumentation

Analysis was carried out using a Dionex UltiMate3000 UHPLC
coupled with a Thermo Scientific Q-Exactive Orbitrap MS
(Thermo Scientific, Bremen, Germany) equipped with a heated
electrospray ionization (HESI-II) source operated in the posi-
tive–negative polarity switching mode. The liquid chromato-
graphy system consisted of a degasser, an Ultimate 3000 RS
pump, an autosampler, thermostated at 10 °C and a heated
column compartment. The separation of analytes was carried
out on a Waters (USA) XBridge® C18 column (2.1 mm,
150 mm, 3.5 µm 80 Å particle size). The temperature of the
column oven was 55 °C. The mobile phases were 5 mM
ammonium bicarbonate (pH 9) in deionized water (A) and
MeOH (B). The gradient program was run with 97% solvent A
at initial conditions (t = 0–3 min), decreased to 5% solvent A at
t = 6.5 min and held there for up to 10.0 min. Then, the gradi-
ent was returned to 97% solvent A at t = 11.5 min and stabil-
ized to t = 13 min. The flow rate was kept constant at 0.3 mL
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min−1, and the injection volume was 5 µL. The nitrogen
sheath flow rate and the auxiliary gas flow rate were set to 50
and 10 arbitrary units (arb), respectively. The sweep gas flow
rate was 2 arb. The capillary temperature was 350 °C, the spray
voltage was +3.0 kV, the maximum spray current was 11.8 µA
during analysis and the S-lens RF level was 40%. The capillary
voltage was set in positive or negative ion mode. The instru-
ment operated in full scan mode in both positive and negative
ion modes from m/z 53.6 to 804 Da at 140 000 resolution. The
automatic gain control (AGC) was set to 1 × 106 and the
maximum injection time (IT) was set to 100 ms. The data
acquisition rate was 2 Hz. The following parameters were also
recorded for product ion mass spectra (dd-MS2): resolution
17 500 in positive and negative ionization modes, AGC target 2
× 105 for positive ionization mode and 1 × 105 for negative
ionization mode, maximum IT 60 ms, (N)CE 17.5, 35, 55, iso-
lation window and offset 3.0 and 1.0 m/z respectively. The dd
setting minimum was set as an AGC target of 2 × 103, an inten-
sity threshold of 3.3 × 104, and dynamic exclusion of 10.0 s in
both positive and negative ionization modes. Data processing
was performed using Thermo Finnigan Xcalibur software
(version 4.1.31.9) with a mass tolerance window of ±5 ppm.
Orbitrap performance in both positive and negative ionization
modes was evaluated every 3 days and external calibration of
the mass spectrometer was performed using Exactive
Calibration Kit solutions (Sigma-Aldrich, St Louis, USA and
ABCR GmbH & Co. KG, Karlsruhe, Germany). The chemical
formula, exact mass (m/z), polarity, normalized collision
energy and retention time of the targets are listed in Table 1.

Preparation of working solutions

Stock standard solutions of substances were prepared at a con-
centration of 1 mg mL−1 or 100 µg mL−1 in an appropriate
solvent (for example, if the solvent was specified on the certifi-
cate of the standard, it was prepared using that solvent; if not,
MeOH, ethanol, deionized water or other solvents were used.)
and stored at −20 °C. The standards were divided into 5 pools
and finally a single mixture was prepared by diluting the pools
in water. The concentrations were in accordance with the rec-
ommended limit values, residues and screening limited sub-
stances listed in Table 1.3 The working concentration range of
the other prohibited substances was established as 1, 5, 10, 25,
50, 100 and 200 ng mL−1 in the urine and plasma samples.

Stock internal standard (IS) solutions were prepared in
appropriate solvents at a concentration of 1 mg mL−1. The
internal standard mixture was prepared in appropriate
volumes corresponding to a concentration of 50 ng mL−1 in
the sample by using stock solutions.

Preparation of the calibrator working solution and reagents

The quality control (QC) samples were prepared by spiking
blank urine and plasma samples with a pool corresponding to
2 times the detection capability (CCβ) value for each substance
after the CCβ values were determined. It was used for robust-
ness, selectivity and matrix effect studies.

The aqueous mobile phase containing 5 mM ammonium
bicarbonate was prepared in a 2.5 L amber glass bottle by dis-
solving 988.0 mg ammonium bicarbonate in water and adjust-
ing the pH to 9.0 (±0.2) by adding ammonium hydroxide
solution.

Urine and plasma specimens

All biological samples used in the study were anonymous
samples sent to the Pendik Veterinary Control Institute
Doping Laboratory for analysis. Blank urine samples were
obtained from post-race samples that were free of target ana-
lytes. The samples were stored in a deep freezer at −20 °C
prior to use. Blood samples from post-race samples were also
provided. Real positive samples were obtained in the same
way. After transfer to the laboratory, the samples were centri-
fuged and the drug-free plasma samples were stored in a deep
freezer (−20 °C).

Sample preparation

A 100 µL aliquot of urine/plasma was transferred to a micro-
centrifuge tube and 10 µL of internal standard mixture was
added. 100 µL ACN was added for protein participation and
the volume was adjusted to 500 µL with mobile phase A (5 mM
ammonium bicarbonate, pH 9), mixed for 3 min by vortexing
and then centrifuged at 30 000g (18 000 rpm) for 10 min.
Finally, 5 µL of the supernatant was injected into the
UHPLC-HRMS.

Validation

The method was validated according to European Commission
guidelines. Detection capability (CCβ), selectivity/specificity,
applicability, and ruggedness were investigated for qualitative
screening validation.30 The method includes more than 200
compounds that are prohibited or have limited screening
values (including the International Screening Limit (ISL),
International Residue Limits (IRL), and international
thresholds (IT) established by the International Federation of
Horseracing Authorities, in addition to that the Asian
Screening Limits (ASLs) established by the Asian Racing
Federation31). Threshold or limited substances at or below the
specified level were selected for this method. The limit level
was considered for method validation, but the detection limit
was defined as low as possible for prohibited substances.
Blank samples were selected notably drug-free samples.
However, for endogenous compounds (such as hydrocortisone,
hordenine, testosterone, salicylic acid, methoxytyramine, etc.),
the CCβ value relies on negative urine samples with a typical
endogenous concentration.

In screening validation, CCβ is the smallest analyte content
that may be detected in a sample with an error probability of
β.30 The β error is the probability that the tested sample is
truly non-compliant, even though a compliant measurement
has been obtained and should be <5% for the screening test.
Therefore, CCβ is the most important criterion for validation.

The first screening target concentration (STC) was calcu-
lated for each analyte by the use of a series of calibration levels
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(1, 2, 5, 10, 25, 50, 100, and 200 ng mL−1). Four criteria were
used to select the STC. At least 3 fragment ions, retention
times (RTs), and library results must be matched for reference
standards and spiked samples. For prohibited substances, the
STC must be at or below the reference point of action.30 The
STC must be below the regulatory/action limit for limited sub-
stances. After calculating the STC, 20 blank and 20 spiked
samples (at the screening target limit concentration) were ana-
lyzed to determine the CCβ. The highest response of the blank
sample and the smallest response of the spiked samples were
noted. If the maximum response of the blank is less than the
minimum response of the spiked sample, it means that the
CCβ of the method is less than or equal to the spiked concen-
tration (which is the screening target limit concentration and 1

2
of the regulatory/action limit).

The cut-off level defines the response or signal from a
screening test indicating that a sample contains an analyte at
or above the STC. If the cut-off level is exceeded, suspect
sample processing should be performed. The cut-off level of
the method corresponds to the smallest response of the spiked
sample among the 20 samples.

Additionally, the threshold value (T ) and cut-off factor (Fm)
were calculated as follow:

Threshold value T:

T ¼ Bþ 1:64� SDb

B is the mean response, and “SDb” is the standard deviation of
the blank samples.

The cut-off factor Fm is:

Fm ¼ M � 1:64� SDs

M is the mean response, and “SDs” is the standard deviation of
spiked samples.

The values obtained were plotted on the graph of the
number of responses to analysis, and the “possible positive
suspect sample range” was determined for each analyte. The
graphs for quinapril in urine and benazeprilat in plasma are
shown as examples in Fig. 1.

Selectivity and specificity

The selectivity/specificity was verified by analyzing 20 different
blanks and spiked urine/plasma samples in the presence of
various groups of different substances (nonsteroidalanti-
inflammatory drugs (NSAIDs) anabolic steroids, narcotics, cor-
ticosteroids, stimulants, beta-agonists, etc.).

Matrix effect

The matrix effect for all the target analytes was evaluated by
comparing the drug response in matrix sample and the water
sample (n = 3).32 Twenty different blank urine/plasma samples
were pooled and spiked for the calculation of the ME. Distilled
water was also spiked in the same way. The formula used was
%matrix effect = (urine or plasma area/water area) × 100 − 100.
The results are shown in Table 1.

Ruggedness

To determine the ruggedness and retention time stability of
the method, 3 different drug-free urine and plasma samples
were spiked at the QC level. The samples were prepared and
analyzed on day 0, and re-injected after 72 hours (after re-cali-
bration of HRMS) (n = 3). The change in retention time was cal-
culated according to the initial retention time for each
injection.15,33

Ruggedness was tested by checking retention times and
responses of analytes spiked at QC levels on plasma and urine
samples for minor changes in different parts of the method.
Minor changes were defined as different grades of MeOH
(HPLC or LCMS grade), centrifugation times (15 min or
30 min), column temperatures (55 °C or 50 °C) and dilution
solvents (with mobile phase A or deionized water). CV% values
were calculated for the RTs and responses.

Carry over

The carry-over effect was assessed by injecting blank urine
samples after injecting the urine/plasma samples with the
highest concentration. The results of the successive blanks
were examined for the presence of substances.

Application to real samples

The method was used for routine analysis for one year. Before
each batch was started, the blank and QC samples were ana-
lyzed and checked. The suitability of the method was verified
by previously declared positive samples.

Retrospective analysis

To demonstrate the performance of the full scan method, a
plasma sample previously detected orphanadrine (unavailable
and unvalidated compound in our method) by different
methods was analysed and reprocessed to demonstrate the
applicability of retrospective analysis with the developed
method. Prior to processing, the masses of the samples were
added to the full scan HRMS database for library detection,
retention time and isotope pattern matching.

Results and discussion
Method development

Sample preparation. With the increasing use of the DS tech-
nique in toxicological analysis, its advantages, such as simpli-
city, time and cost efficiency, are being evaluated along with
its disadvantages. These disadvantages include the fact that
the diluted sample contains many matrix components, the
detection limit is high due to dilution, and the matrix effect
occurs.10 Therefore, the focus of this study was to overcome
these disadvantages. The sample preparation step included
dilution to reduce non-active contaminants such as salts,
acids, bases, xenobiotics, proteins and nucleic acids naturally
present in urine/plasma, and protein precipitation. The effects
of ACN, TCA and MeOH, which were used in previous studies
for protein precipitation in biological samples, were evalu-
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ated.7 The precipitation of proteins or macromolecules with
ACN in urine and TCA in plasma was more effective than that
with MeOH, but the use of ACN was convenient in terms of
the number of drugs detected. For this reason, ACN was
used in both urine and plasma for ease of application.
Ultracentrifugation was used to reduce physical and/or chemi-
cal background noise from precipitation. Dilution was also the
best choice to reduce the matrix effect and mitigate the effects
of non-active contaminants such as salts, acids, bases, xeno-
biotics, proteins and nucleic acids on the detection of analytes
(the results of the matrix effect study are presented and dis-
cussed in detail in the matrix effect section). Thereby, the
sample preparation step was minimized by ACN addition,
dilution and ultracentrifugation.

Chromatographic conditions. To ensure effective separation,
in the study conducted by Görgens et al. 2016,21 a trial was per-
formed in both urine and plasma using 5 mM ammonium
acetate with 0.1% acetic acid (A) and ACN (B). However, a total
of 195 active substances in urine and 207 active substances in
plasma were detected. An increase in peak width and signifi-
cant peak tailing were observed in this study. It was observed
that methadone had a greater response in both urine and

plasma, and mephentermine gave higher response in only
plasma when these mobile phases were used. This can be con-
sidered an example of the analyzed substances being more
effectively separated and detected at basic pH (pH 9) than at
acidic pH (pH 3.5). To improve chromatographic separation,
for mobile phase B, trial studies were carried out in various
combinations with MeOH, MeOH-ACN (50–50), MeOH-ACN
(70–30), MeOH-ACN (90–10) and ACN only. The selection of
MeOH as a mobile phase was found to be superior to ACN in
terms of retention behavior peak shapes and improved ioniza-
tion for several analytes. After assessment, MeOH and
ammonium bicarbonate buffer (pH 9) were selected because
of their high MS signals and good chromatographic separation
without deterioration of peak shapes. The ammonium bicar-
bonate (5 mM, pH 9) mobile phase was freshly prepared once
or twice a week, pH controls were performed, and no deterio-
ration in stability was detected during the analyses. As a result
of the experiments, the compounds with the highest response
values were detected when only MeOH was used in the B
mobile phase.

Since the method did not involve extraction, it was highly
probable that dilution and application of the sample would

Fig. 1 Example graph for the calculation of CCβ according to the guidelines for quinapril in the urine (top) and benazeprilat (bottom) in the plasma.
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cause blockage and high pressure in the column. In particular,
the fact that horse urine is a much more complex matrix than
human urine is one of the most important factors that could
cause blockage in the column. The pH working range of the
existing column was wide (1–12). In the method in which we
used another mobile phase above pH 9, the reproducibility
and stability of the current column was high, other studies
support this,14 and this study was continued with current the
column.

For effective separation in the column, an attempt was
made to ensure separation by taking into account the analyte
properties and diversity. The gradient for the adhesion of
hydrophilic compounds was initiated with a highly aqueous
mobile phase. In this way, it aims to remove pollutant com-
ponents, which are mostly polar. Although this situation
causes some substances with highly polar properties (AICAR,
edrophonium, ethyl glucuronide, etc.) to hold less in the
column and to be detected at higher concentrations compared
to previous studies,15 a wide spectrum can be achieved consid-
ering the number of substances detected. After a certain
polarity equilibrium, effective separation was achieved by
increasing the amount of organic solvent.

The main aim of the study was to screen a large number of
compounds in a short period of time. Reducing the gradient
and re-equilibration time can make chromatography more
cost-effective, thus increasing the number of runs in a given
period and still generating reproducible chromatography even
when the stationary phase is not precisely recalibrated.34 One
of the most important factors affecting the re-equilibration
time is the choice of mobile phase. In order to reduce the equi-
libration time, studies showed that methanol binds less
strongly to the stationary phase than dose acetonitrile and it is
easier to removed from the column, and studies aldo showed
that the use of a mobile phase containing an organic solvent
reduces the equilibration time compared with a purely

aqueous phase.34 The column conditions were the same for
the initial 0–3 min and the final 1.5 min, at the start of the
column to remove unwanted polar components that may have
been introduced with the sample, particularly during the
initial time. The equilibration time in the last part was
increased by 1 min additions until optimized to a total of
18 min, and the deviations in the RTs, peak shapes and
response values were evaluated. For meldonium, ethyl glucuro-
nide, and DMSO, no change in peak shape, RT and response
value was detected depending on the equilibration time. For
AICAR, the RT value changed by 0.3 seconds on average due to
the prolongation of the equilibration time, but the peak shape
deteriorated with prolonged equilibration time. For edropho-
nium and salicylic acid, RT changed similarly, but the
response values decreased. Only enalaprilat and pregabalin
improved in peak shape with increasing equilibration time.
Other than these, there was no change in RT in other peaks. At
this time, the shortest maximum time at which reproducible
results were obtained was 13 min. The RT deviations in ESI
Table S1† also indicate that the equilibration time was
sufficient.

Previous chromatographic seperation studies reported that
ACE inhibitors and their active metabolites produced a split
peak and this negativity was prevented by increasing the
column temperature (55 °C).7 Therefore, this study also
demonstrated that the asymmetry persisted and broadened for
perindoprilat. However, depending on the characteristics of
the column used and increasing the temperature, it was
observed that these polar substances were more symmetrical,
especially in the plasma samples. This was demonstrated by
comparing the effects of even a 5 °C minor difference in
column temperature in the durability study (Fig. 2).

The detection time of the analytes was accomplished within
13 min. Screening ion chromatograms of 225 target analytes in
urine and analytes that can be detected only in plasma at their

Fig. 2 Effects of column temperature on perindoprilat detection at (A) 55 °C (B) 50 °C.
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detection capability value (CCβ) are shown in ESI Fig. S1 and
S2.† A continuation series of studies for the separate analyses
of endogenous hydrocortisone,29 3-methoxytyramine28 and sal-
icylic acid, which have been analyzed by hydrophilic inter-
action liquid chromatography (HILIC) and have problems in
RPLC separation owing to their polar properties, could have
been combined in this study.

Analytes producing ions with the same mass-to-charge ratio
were separated chromatographically by their retention time
(edrophonium-hordenine, tramadol-N-desmethyl venlafaxine,
cannabidiol-delta-9-THC, morphine-3-glucuronide, and mor-
phine-6-glucuronide) or by the difference between the frag-
ment ions (EMDP-nortriptyline, alminoprofen-ritalinic acid,
and metolazone-indapamide). Indapamide was not included
in the validation study because it was detected at the same RT
as metolazone and cannot be accurately separated, so it was
shown only in a chromatogram (ESI Fig. S1†). Although the
peak shape of enalaprilat in plasma is not symmetrical, it ful-
fills the retention time, fragment ions, isotopic pattern and
library matching, like gabapentin and amiloride in urine.

Bendroflumethiazide, dantrolene, diflunisal, ethyl glucuro-
nide, furosemide, hydroxyflutamide, meclofenamic acid, niflu-
mic acid, nimesulide and salicylic acid were detected by nega-
tive ionization, whereas other substances were detected by
positive ionization. Some substances detected by negative
ionization in previous studies were better detected by positive
ionization in this study (metolazone, bumetanide, probenecid,
xipamide and others).19 Protonated ions were used for positive
ion mode, and only deprotonated ions were used for negative
ion mode.

Internal standards were used to detect the effects of sample
preparation, changes in chromatographic conditions, monitor-
ing retention time shifts and instrumental variations such as
ESI signals, sensitivity, etc. Therefore, the CV% values of the
interday retention time and response values of the available
internal standards (n = 9) were evaluated (albuterol d9: 0.14%
and 6.14%, 3-hydroxy lidocaine-d5: 0.16% and 6.67%,
3-hydroxy mepivacaine-d3: 0.19% and 9.13%, 4 methylamino-
d3-antipyrine: 0.18% and 13.22%, atropine d3 0.15% and
7.69%, bufotenine-d4 0.28% and 14.20%, caffeine d3: 0.46%
and 7.80%, clenbuterol d9: 0.16% and 6.56%, furosemide d5:
0.18% and 10.95%, ketoprofen d3 0.17% and 12.13%, meloxi-
cam d3: 0.14% and 13.64%, morphine d3: 0.21% and 14.34%,
and salicylic acid-d6: 0.84% and 9.94%). Albuterol d9, which
has the lowest deviation from the internal standards used, was
chosen because it provides sensitive, stable and reproducible
results. Albuterol d9 was used as an internal standard for all
substances, except for substances with specific internal stan-
dards. It also facilitated the application. Other internal stan-
dards were selected for substances with similar analytical be-
havior. For example, the internal standards furosemide-d5 and
salicylic acid-d6 were studied with negative ionization and fur-
osemide and salicylic acid were also negatively ionized; there-
fore, these substances were used since deuterated internal
standards were available. Analyte concentrations in the
samples were estimated by the area ratio of the target analyte

to the internal standard using a one-point calibration curve if
a limit reference compound was detected.

Narrower mass isolation windows allow longer collection
times and therefore higher sensitivities, but it is also necessary
to limit the maximum ion capacity. This is because a low iso-
lation window may cause the signal to drop; therefore, sub-
stances with low detection limits may not be detected. For this
purpose, the isolation window was optimized using isolation
windows from 1 to 4. For most compounds and for com-
pounds with the same product ion, an isolation window of 3
m/z with a collision energy ramp (17.5, 35, 55) gave adequate
results for fragmentation ions, ion raitos and signals.

The identification of the analytes was controlled with the
spiked sample peak by checking the retention time (±2% of
the reference), at least 3 fragments, isotopic pattern matching
and library matching. A mass tolerance of 5 ppm and a full MS
resolution of 140 000 were applied in the method, which has
previously been shown to have reproducible results in
studies.19,35 In addition, according to the AORC acceptance cri-
teria defined in the minimum criteria for identification by
chromatography and mass spectrometry, at least three product
ions were monitored and 20% relative abundance was carried
out for each drug for confirmation.36

The concentrations of various metabolites in plasma are
lower than that of in urine. Therefore, it is important to detect
trace concentrations as much as possible in plasma. When the
data of the study were compared with other studies, it was
found that some substances could be detected at lower
concentrations.19,37,38 As the method saves considerable time
in preparation and application, it is suitable for use
in situations where rapid results are required, such as pre-race
analysis. It can be considered an important alternative,
especially when compared with the results obtained with
limited and threshold substances in pre-race analysis using
hydrolysis and SLE.6 It was concluded that the method was
sufficient for both pre-screening and cross-checking.

The absence of a preconcentration step in the DS technique
can be seen as a disadvantage in the detection of substances
with low limit values (acepromazine, butorphanol, procaine,
xylazine and others). However, the detection of most of the
limited substances by this method is important, as it avoids
reanalysis. In general, the method can detect more substances
in plasma, and for some substances, lower concentrations can
be detected in plasma compared to the urine matrix. In
addition, the method can be used for the analysis of a wide
range of substances with different polarities, chemical struc-
tures and pharmacological activities. As a result, in the present
study, 225 substances in horse urine and 232 substances in
horse plasma were fully detected and validated. The developed
method can screen 26 international screening limits, 7 residue
limits, 5 thresholds, 1 Asian section limit and 193 prohibited
substances. In addition to that an unlimited number of new
substances can be added to the method if the target can be
recovered from the sample.

Nearly 5000 anti-doping samples (approximately 4000 urine
and 1000 plasma samples) sent to the laboratory were success-
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fully analyzed using the developed method in a year. These
analyses were performed on the same column regardless of
the physical characteristics of the samples. During these ana-
lyses, mobile phases were freshly prepared once or twice a
week. Positive and negative mass calibrations of mass spec-
trometry were also repeated every three days. The cone is
cleaned every week before positive and negative optimization,
and the needle was replaced if a problem with optimization or
an excessively low signal is detected during analysis. In routine
analysis using this method, the MS source was cleaned only
2–3 times during the analysis of 4000–5000 samples, and
detailed maintenance was carried out annually by an author-
ized company representative.

Method validation

Detection capability. The detection capability was in the
range of ≤1 ng mL−1 to 200 ng mL−1 for prohibited sub-
stances. Seventy-nine of the analytes in urine and 96 of the
analytes in plasma had CCβ values at or below 1 ng mL−1, 48
analytes in urine and 66 analytes in plasma had CCβ values at
or below 5 ng mL−1 and 31 analytes in urine, and 27 analytes
in plasma had CCβ values at or below 10 ng mL−1. The highest
CCβ value was detected for AICAR, but the chromatographic
reasons for this have already been explained and previous
studies have indicated that it can be detected at high concen-
trations due to its endogenous characteristics.14

The threshold, residue and screening target limited sub-
tances are shown in Table 1. Among the detected threshold
substances, only prednisolone in the urine and plasma and
testosterone in the plasma could not meet the expected con-

centrations. Apart from these two compounds, other sub-
stances can be screened according to their threshold levels.
For international residue-limited substances except methyl-
sulfonylmethane, theobromine and theophylline, CCβ levels
are sufficient in both urine and plasma. In international
screening, a limited category of 23 substances in urine and 14
substances in plasma can be screened by the current method.
Additionally, 13 substances in urine and 1 substance in
plasma could be validated at the ISL level.

The CCβ value was calculated for all the substances and
graphs were created by determining the values in Fig. 1. If Fm
> T, CCβ was approved as valid, as well as it means that the
false negative rate is ≤5% and that CCβ is equal to STC.
Therefore, calculating T and Fm is important for deciding
whether the method is valid. The graphs in Fig. 1 clearly show
these values and the working range of the method.

Selectivity and specificity. The specificity was satisfactory as
no interfering substances were detected at the retention times
in 20 blank urine/plasma samples. For selectivity, other
common doping agents (NSAIDs, anabolic steroids, narcotics,
corticosteroids, stimulants, beta-agonists, etc.) were spiked
and analyzed simultaneously. With respect to the results, no
interferences were detected and concluded that the method
was selective. Additionally, more than 5000 samples were ana-
lyzed by our method within one year, and either blank or posi-
tive samples, no interferences or false positives were detected.

Ruggedness. Stable retention times are necessary for a
correct interpretation of the results. For evaluation of retention
time deviation QC samples were reinjected after 72 hours (ESI
Table S1†). The retention time of gabapentin in both plasma

Fig. 3 Effects of dilution on the urine and plasma matrix.
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and urine differed, while the CV% value of adrenochrome
semicarbazone in the urine sample was greater than 2%.
Except for these substances, no variation above 2% was
detected in the reanalyzed samples.

To assess robustness, the effects of small changes in the
different steps of the routine method on the retention time
and response were evaluated according to the CV% (ESI
Table S2†). A deviation of 2% in retention time and 15% in
response was considered as a significant effect. When analyz-
ing the results, it was shown that minor changes did not have
a major effect on the detection of the majority of target ana-
lytes, but these changes did make a difference for a few target

analytes. The differences in retention time and area were
mainly due to the change in column temperature. At 55 °C,
the peaks were more symmetrical, and the response values
were greater. However, for 3-methoxytyramine and cetirizine,
the area was much greater at 50 °C, and there was a change in
retention time. For 5 hydroxy omeprazole, ambroxol, eltenac,
hydroxy homosildenafil, and mephentermine the response
values at 50 °C were almost 50% lower in both the urine and
plasma in comparison to values observed at 55 °C. For AICAR,
the response deviated in urine at 50 °C, for bromhexine, the
response decreased in urine at 30 min of centrifugation and
50 °C column temperature, and the response increased after

Fig. 4 The screening data of two positive declared samples in horse urine; caffeine (left) and sildenafil (right).
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Fig. 5 Retrospective analysis of orphanadrine in plasma, (A) results of reprocessing after it had been added to the database (left) (B) results of re-
analyzed after being added to the inclusion list (right).
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dilution with water, whereas the response decreased after
30 min of centrifugation, 50 °C column temperature and
dilution with water for plasma. For ketamine, the response
decreased in plasma under all conditions, while for fluspiri-
lene, the response decreased at 50 °C column temperature and
after 30 min of centrifugation. For amoxapine, levopromazine,
promazine, propionyl promazine and tuaminoheptane, minor
changes in the plasma samples caused significant decreases
in response. It was thought that dilution with mobile phase
instead of water might be more effective in determining the
shape of the peaks. However, no significant effect was
observed in the urine. In plasma, no deviation in the field
value was observed except for 4 MAA, amitriptyline, ketamine,
enalaprilat, bromhexine and tuaminoheptane. By evaluating
these differences, it was revealed that dilution with the mobile
phase was more effective.

Carry over. After injection of highly concentrated spike
samples, 4-methylaminoantipyrine (0.1%), benzydamine
(0.4%), carvedilol (1.42%), chlorpromazine (0.85%), cymema-
zine (0.28%), levopromazine (0.42%), nebivolol (1.35%) and
promazine (0.58%) had a carry-over effect, with a lower
response in the first urine blank. However, no interfering
analyte was detected in the second blank. For plasma,
4-methylaminoantipyrine (1.84%), benzydamine (0.42%), car-
vedilol (1.76%) and imipramine (0.4%) showed carry-over to
the first blank urine but not in the second blank. Therefore, a
solvent solution should be injected after the QC and/or posi-
tive sample to avoid carry-over.

Matrix effect. One of the disadvantages of the dilute and
shoot technique is the matrix effect. The matrix effect of horse
urine varies from one sample to another; therefore, signal
enhancement and suppression vary.29 The matrix effect can
also cause a shift in retention time. To compensate for the
matrix effect, suitable internal standards with properties
similar to those of analytes were used. The matrix effect was
evaluated by changing and optimizing the sample volume and
dilution factor. For this purpose, the water blank and a spiked
reference sample were included in the same calculation to
assess the matrix effect (Fig. 3). Ion suppression and enrich-
ment were observed for 23% and 5% of the target analytes for
urine and 52% and 6% of the target analytes for plasma,
respectively, using the current method. For urine and plasma,
respectively, 71% and 42% of the analytes were within the
matrix effect criteria (±15%). These results indicate that the
matrix effect is more dominant in plasma than in urine.

The % matrix effect was evaluated by performing 10-fold
and 5-fold dilution study. The response values obtained due to
2-fold dilution decreased by half in both matrices for sub-
stances other than cannabidiol and xipamide in urine and 4
MAA, cetirizine, chlorpromazine, dihydrocapsaicin, diprenor-
phine, fluvoxamine, isoxsuprine, nalorphine, and promazine
in plasma.

At the 10-fold dilution, 15 substances in the urine and 20
substances in the plasma could not be detected compared
with the 5-fold dilution. In addition, dilution did not sig-
nificantly reduce the matrix effect in either sample. When

the matrix and dilution effect results were compared with
those of the study by Badoud et al.,26 the percentage of
matrix-unaffected analytes was greater. This important
result shows that the method is suitable for the detection
of analytes.

Significant ion suppression and enrichment did not inter-
fere with the identification of prohibited substances for
screening analysis. For limited substances, the matrix effect
may be significant for quantitative analysis, but these screen-
ing analyses were used to provide information for confirmation
analysis. The results revealed that ion suppression resulted in
more matrix effects than ion enrichment in both the urine and
plasma, but the resulting matrix effect was almost 50% less in
the urine than in the plasma.

Application to positive case samples. The presence or
absence of a substance with this method was based on chro-
matographic and mass spectrometric determination. The suit-
ability of the method was demonstrated with previously posi-
tively declared samples. The present method was applied for
routine analysis in our laboratories, and positive cases were
detected using the DS method. The screening data of two posi-
tive declared samples (caffeine and sildenafil) are shown in
Fig. 4. For these suspected samples, the specified procedure
was followed and if (1) the mass tolerance was ±5 ppm, (2) the
retention time was within ±0.4 min, (3) the isotopic pattern
was greater than 70%, (4) at least three selected HRMS/MS
fragment ions matched, and (5) the library score was greater
than 80%, a green flag was signed. The results were in accord-
ance with the screening criteria and matched with spiked
samples.

Retrospective analysis. The importance of retrospective ana-
lysis in equine doping control has been emphasized pre-
viously.22 To demonstrate the use of this method in retrospec-
tive analysis, a non-targeted substance previously declared
positive in a plasma sample was reprocessed in the full screen-
ing data. Untargeted orphenadrine in plasma was detected by
reprocessing after it had been added to the database (Fig. 5
(A)). It was then re-analyzed after being added to the inclusion
list in the current method (Fig. 5(B)). Fragment, isotopic
pattern and library results were compared to demonstrate the
trueness of the retrospective analysis results.

Conclusion

Triggered by the increasing number of prohibited substances
and the growing number of samples, a new dilute and shoot
method has been developed and validated to analyze more
than 200 substances rapidly, simply and cost-effectively.
Substances with poor stability and degradability by chemical
or hydrolysis were the main focus of the developed method.
The method also allows the simultaneous detection of many
doping agents by performing a wide range of scans. Therefore,
this reduces the number of confirmatory analyses required.

LLE, and especially SPE are widely used as a preparation
methods to improve detection limits. However, the DS method
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provides a significant economic contribution, particularly
through the faster and easier detection of limited substances.

The ability to scan different substances in a single run
exploited the advantages of LC-HRMS to scan both positive
and negative polarities. This method can analyze most sub-
stances with screening limits as well as substances with inter-
national residue limits and threshold levels, avoiding the need
for another quantitative method. In addition, the retrospective
analysis and detection of positive cases demonstrated with
successful applications.

This comprehensive method was successfully applied to
both horse urine and plasma samples over a broad spectrum
for the first time, providing simple and rapid sample prepa-
ration. Thanks to this simple, cost-effective, and high-through-
put method, an increase in the efficiency of daily work in the
laboratory can be achieved. The developed method is suitable
for use by laboratories such as forensic and doping labora-
tories performing unknown analyses and detection of more
than 200 analytes at the ng mL−1 level with µL level sample,
low cost, labour and time consumption. In addition, this
simple method allows the analysis of more prohibited sub-
stances and allows retrospective analysis.
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