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ABSTRACT

The screening of wide variety of prohibited substances in a time bound
manner by adhering to latest World Anti-Doping Agency (WADA) guide-
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linesisachallenging task for doping control laboratories. Therevised crite- UPLC-MSMS;
rion of detectionlimits (WADATD2013MRPL) hasfurther required the doping Polarity switching;
|aboratoriesto review their testing procedures. The present work was aimed WADA.

at developing afast, sensitive and robust analytical method based on solid
phase cleanup (SPE) and ultra-performanceliquid chromatography tandem
mass spectrometry (UPLC-MS/MS) to achieve the required detection lev-
els. The method development involved optimization of deconjugation of
phase Il metabalites, SPE using mixed-modeion cartridgesfor extraction of
analytes of wider chemistries; and fast polarity switching UPLC-MS/MS
detection. The developed method was validated to detect approximately
165 compounds and/or metabolites prohibited by WADA. The eight min-
utesruntime allowed testing of approximately 180 samplesin 24 hoursat the
limit of detection (LOD) of 50% below required detection levels.
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INTRODUCTION follow!d. The prohibited list covers nine pharma-
ceutical classes of substances (e.g., anabolic ste-
roids, corticosteroids, stimulants, diuretics, anti-es-

trogens etc), three forbidden doping methods (e.g.,

The detection and identification of prohibited
compounds and methods of doping has been regu-

lated for sports drug testing laboratories by World
Anti-DopingAgency (WADA). TheWADA publishes
aprohibited list every year consisting of widerange
of pharmacological classes of drugs. WADA cre-
atesrespectivetechnical documentsthat outlinemini-
mum required performance limits (MRPL) as well
as international standard for laboratories (1SL),
which accredited doping control |aboratoriesmust

substancefor enhancement of oxygen transfer, chemi-
cal and physical manipul ation and gene doping), and
two groups of analytes alcohol and a-blockers are
prohibited in specific activitied¥. Therefore, numer-
ous technical approaches are needed to analyse the
great diversity of doping agents.

Anti-doping analysisis conducted in two steps.
Initially, screening of samplesis performed, in the
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case of a suspiciousresult; an additional selective
confirmation is carried out®. As every sample has
to be screened, the screening method hasto be highly
sensitive and specific to ensureidentification of sus-
pected sample and in the same time should mini-
mizethe probability of fal se suspects. Doping anay-
sis requires the use of severa different chromato-
graphic, mass spectrometric and immunological
methods*” which makes it mandatory for all the
doping control |aboratoriesto have anumber of sepa-
rate analytical procedures, thereby making screen-
ing of each sample more complex, time-consuming
and laborious. Therefore, it has become necessary
to devel op high-throughput techniquesto screenina
single method alarge set of compoundswith differ-
ent physicochemical propertiesavoiding false nega-
tives and false positive results.

In the last decade, the suitability of liquid chro-
matography-tandem mass spectrometry (LC-MSMS)
has been demonstrated as atechnique of choiceover
traditional gas chromatography mass spectrometry
(GC-MS) methodsfor multi-target screening dueto
the development of electrospray ionization (ESI)
sources which operates at atmospheric pressure®
1, This capability allows the detection of both low-
and high-mol ecular wei ght compounds?.

The ultra performance liquid chromatography
(UPLC) based methodsfor screening analyses have
emerged in the anti-doping field. The advantages of
UPLC (in which columns are packed with sub-2u
particles operating at pressures up to 1000 bar) have
been demonstrated to rapidly and efficiently sepa-
rate drugs and related substances**4. Due to the
reduced analysis time, peaks become very narrow
and an adapted detection device is thus mandatory.
Mass spectrometers with fast scanning like triple-
guadrupole (QQQ) are often coupled to UPLC and
used in tandem mode by monitoring ion transi-
tiond*>1¢, Modern QQQ instruments offer very fast
acquisition cycle times and polarity switching usu-
ally expanding the number of analyteswhich canbe
detected in a single run. Numerous methods have
been employed in the past decade conjoining UPLC
with QQQ mass spectrometer (UPLC-MS/MS)for
identification of variety of doping agentg*>7.

The choice of development of asuitable sample
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pre-treatment for ascreening purposeisachallenge
asthe method should provide good extractionyields
for a combination of analytes with very different
physico-chemical properties (neutral, basic and
acidic, lipophilic and hydrophilic). Moreover, hu-
man urine is usualy a very dirty matrix so it re-
quires an extraction technique in which the impuri-
ties of the sample should be eliminated to avoid any
possible unwanted interference of the matrix. The
diversified categoriesof drugs of abuse mostly con-
tain basic compounds with exceptions of neutrals
(glucocorticosteroids) and acidics (diuretics). Be-
sides, the huge number of different endogenous com-
ponents normally found in urine makesthe selective
detection of analytesat |ow concentration very chal -
lenging. Recently, various methods have been de-
veloped to detect the banned compounds in human
urine using dilute and shoot approach(*&9. The di-
lute and inject approach is certainly fast, but it does
not allow for the detection of analytes at very low
concentrations and does not include deconjugation
of glucuronides?>21, Hydrolysisis mandatory to re-
move the glucuronide moieties attached to several
doping agents during phase |l metabolism. Liquid—
liquid extraction (LLE) may be used for the sample
purification but it faces some pitfalls. To cover a
wide range of different drugs, two consecutive ex-
tractions, one at basic and the other at acidic pH, is
required. In addition, LLE requires careful separa-
tion of the phases and can be time consuming and
tend to use large volumes of solvent. Moreover, the
sample extracts are not very clean.

The most preferred technique for said require-
ment is solid-phase extraction (SPE) as it requires
less washing and cleaning steps and blocks the im-
purities of the sample within the cartridge. A single
or multiple-stage SPE has been applied for the
sample preparation methodsin variousfieldsof dop-
ing?>22, In particular, asingle mixed-mode cartridge
isreliable for the fractionation of acid, neutra and
basic drugs from biological samples because the
drugs are adsorbed separately by hydrophobic or
ion-exchangeinteraction on to the cartridge.

To ensure consistency of the measurements
amongst doping control laboratories, WADA defines
the MRPL, which is the concentration of a prohib-
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ited substance at which the laboratories are expected
to detect the prohibited drug/s. From January 2013,
WADA has revised the MRPL criterion for the de-
tection of drugs by the anti-doping laboratories
wherein, the MRPL of various drugs has been re-
duced from 20-80% (TABLE 1), In addition, the
criteriafor limit of detection (LOD) isalso revised
(TDMRPL2013) which states that the laboratory’s
method validation of the initial testing procedure
shadl includethe estimation of the LOD for each com-
pound and the estimated LOD shall not be higher
than 50% of theMRPL. Therevised MRPL and LOD
criterion applicable from January 2013 has further
necessitated the need to review and revise testing
proceduresin the doping laboratoriesto achieve the
targeted MRPLs.

The lower detection limits enforced in the new
technical guidelines of WADA hasrequired improv-
ing theexisting screening method by LC-MS/MSin
our lab in order to 1) develop acomprehensive and
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fast analytical method based on multi target pproach
reducing the burden of number of detection methods
and analysis time 2) method sensitive enough to
achieve the detection levels. Hence, theaim of this
work was to develop a high throughput and sensi-
tive screening method for the detection of various
drugsat or below theWADA TD2013MRPL. It was
required to derive the extraction procedure to ex-
tract analyteswith avery wide range of chemistries
aswell asthe detection method so asto improvethe
LOD of drugs.

Hence, a three step strategy was made for the
overal improvement of the method: i) Enzymatic
hydrolysisfor the deconjugation of phase |l metabo-
lites (glucuronides), i) SPE using mixed mode car-
tridges for the execration of acidic, basic and neu-
tral molecules in single step and, iii) identification
of drugs on highly sensitive and upgraded instru-
ment i.e. UPLC-MS/M S using fast polarity switch-
ing. The developed method would allow fast and

TABLE 1 : Comparison of WADA technical documents (WADA TD2010M RPL vs WADA TD2013M RPL)

WADA TD2010M RPL WADA TD2013M RPL
Prohibited Class Spedific . Concentration  Prohibited Class Exception Concentration
Examples/Exception
10 ng/ml 5 ng/ml
Clenbuterol 2 ng/ml S1 a Exogenous Dichlormethyltestosterone 2 ng/ml
S1 a Exogenous M ethandienone 2 ng/ml anabolic androgenic  Methandienone 2 ng/ml
:tne?tc))iocljlsc androgenic 1 ethyitestosterone 2ngml  Steroids Methyltestosterone 2 ng/ml
Stanozolol 2 ng/ml Stanozolol 2 ng/ml
SL.2 Other anabolic Clenbuterol 0.2 ng/ml
agents
S2. Peptide hormones,
Growth factors and hCG 5 miU/ml
related substances
S3. B2 agonists loong/ml  S3. B2 agonists 20 ng/ml
S4. Hormone Aromatase inhibitors, S4. Hormone Aromatase inhibitors,
antagonists and SERMSs, Other anti- 50 ng/ml antagonists and SERMs, Other anti- 20 ng/ml
modul ators oestrogeni ¢ substances modulators oestrogenic substances
S5. Diureticsand other . . S5. Diuretics and R
masking agents Diuretics 250 ng/ml other masking agents Diuretics 200 ng/ml
. 500 ng/ml . 100 ng/ml
S6. Stimulants ) S6. Stimulants .
Strychnine 200 ng/ml Octopamine 1000 ng/ml
200 ng/ml 50 ng/ml
S7. Narcotics Buprenorphine 10 ng/ml S7. Narcotics Buprenorphine 5 ng/ml
Fentanyl and derivatives 10 ng/ml Fentanyl and derivatives 2 ng/ml
S8. Cannabimimetics 1 ng/ml
9. S9.
Glucocorticosteroids 30 ng/ml Glucocorticosteroids 30 ng/ml
P2. Betablockers 500 ng/ml  P2. Betablockers 100 ng/ml
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sensitive detection of various categories of drugs
well within the requirement of WADA TD2013
MRPL guidelineswith scopefor inclusion of newer
entities due to use of dedicated though comprehen-
sive sampl e clean up and detection technique.

MATERIALS& METHODS

Chemicalsand reagents

All reagents were of analytical grade or HPLC
grade: acetonitrile,and ethyl acetate were purchased
from QualigensMumbai, India. Tertiarybutyl methyl
ether, and formic acid 98% were supplied by Merck,
Mumbai, India. Out of the 165 compounds screened
in the method, the certified reference materials of
152 drugswere availablein the laboratory. The cer-
tified reference compounds were purchased mainly
from National M easurement Institute (NMI, Sydney,
Australia), Cerilliant (Round Rock, Texas) and
Sigma-Aldrich (St. Louis, MO), or from the phar-
maceutical manufacturer; several were kindly do-
nated by other anti-doping laboratories. In some
cases, where reference material was not available,
urine samples obtained from drug administration
studies were used. The mobile phases for UPLC
were filtered through a 0.2 pm PTFE filter. Ultra
high purity nitrogen was obtai ned from nitrogen gen-
erator plant installed at the laboratory. Water was
purified using a Milli-Q water purification system
installed in the laboratory (Millipore, Bedford,
USA).

Solutions

Stock standard solutions of the 152 substances
were prepared separately at aconcentration of 1 mg/
ml in suitable solvent depending on the solubility
and stored at -20 °C in glass vials fitted with PTFE
caps. The standard mixtureswere prepared and were
spiked afresh in quality controls (QCs) every time.
Allsolutions are evaluated periodicaly for degra-
dation by comparing peak areas, peak area ratios
and peak shapesto historical values.

System suitability standards
Theinternal standards (ISTDs) were used asthe
system suitability standards (SSS) containing six se-

Hralytical CHEMISTRY o

lected analytes of different molecular weights, polari-
tiesand chemical classessviz. 17-a methyltestoster-
one (AAS), mefruside (diuretic), formoterol d-6 (2
agonist), di-amphetamine d6 (stimulant), bupranolol
(beta-blocker) and diphenylamine (stimulant). These
ISTDs were added to each sample and were moni-
tored in terms of peak area and retention time. All
ISTDswere monitored in positive ionization except
mefrus dewhich wasmonitored in negativeionization.

Quiality control samples

Drug-free urine sampleswere collected from 20
different volunteers divided into 2 ml aliquots and
kept frozen at <10 °C in polypropylene tubes prior
to use. The Quality Control (QC) samples which
were run in each assay were prepared by spiking
the blank urine samples (2 ml) with theworking stan-
dard mixture solutionsto achieve the necessary con-
centration at MRPL of each category of prohibited
class. Negative quality control (NQC) sampleswere
spiked with only with the ISTDs. The ISTDs were
added at thefollowing concentration; 17-o methylt-
estosterone (50 ng/ml), mefruside (50 ng/ml),
formoterol d-6 (30 ng/ml), dl amphetamine d6 (50
ng/ml), bupranolol (50 ng/ml) and diphenylamine (50
ng/ml).

Samplepreparation

To two ml of urinesampleaiquotsinternal stan-
dardsat defined concentration were added. Theurine
samples were hydrolysed by B —glucuronidase
(E.coli) enzymeat 60°C for an hour after optimizing
pH 7.0 using 0.2 M phosphate buffer. Hydrolyzed
sampleswereloaded on to the OasisHLB cartridges
pre-equilibrated with 2 ml methanol and 2 ml wa
ter. After application of the samples, the cartridges
were washed with water. Elution of analytes was
performed with 3 ml methanol. Sampleswereevapo-
rated under agentle nitrogen flow at 60 °C and then
were reconstituted into 100 il of a solution of mo-
bile phase (acetonitrile : 1 % formic acid ; 50:50 ;
v/v) and transferred into conical autosampler vials
for anaysis.

Instrumentation

Theliquid chromatographic system wasWeaters®)
Aquity UPL C equipped with degasser, binary pump,
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TABLE 2: UPLCM S/M S operating conditions

UPLC
Column AcquityBEH C18,2.1 mm X 100 mm X 1.7 n
Mobile Phase 1% Formic acid (Solvent A), Acetonitrile (Solvent B)
Flow rate 300 pl/min
Gradient 95% A to 0% A in 5.00 min and then back to 95% A by 7 min followed by equilibration at
95% A for 1 min
Injection volume 5ul
MASS SPECTROMETER

lonization mode Electrospray ionization

Polarity +/- Polarity switching (50 ms)
lon spray voltage +ve 5500 V

-ve 4500 V
lon source temperature  550°C

autosampler thermostated at 5°C and column compart-
ment. The column employed wasAcquity BEH C18,
2.1mm X 100mm X 1.7u particle size from Waters
(Millford, USA). Sampleswerestored at 4 °Cinthe
autosampler prior toanalyss.

The LC effluent was pumped to an Atmospheric
Pressurelonization (API) 5500 QQQ mass spectrom-
eter (AB Sciex, Darmstadt, Germany). Theion source
was operated under fast polarity switching (50 ms)
electro spray ionization mode. The analytes and the
ISTDs were detected utilizing multiple reaction
monitoring (MRM) of diagnostic precursor-product
ion transitions at dwell times of 5 ms. The instru-
mental conditions are depicted in TABLE 2. For
optimization of the declustering potential and the
collision energy solutions of pure reference com-
pounds of each analyte were directly injected using
al ml syringe at flow rate of 10 ml/min. Nitrogen
was used as collision gas delivered from a nitrogen
generator (Anest Iwata Motherson, Japan). Target
MRMsand compound dependant parametersfor each
analytearelistedin TABLE 3. Dataacquisition, data
handling, instrument control and data processing
were performed usingAnayst 1.5.2® Software (AB
Sciex).

Method development and validation

The analytical method was devel oped and vali-
dated as per the WA DA guidelinesfor the anti-dop-
ing laboratories?®. For validation the parameters
recovery percentage, specificity, ion suppression,
intra and inter-day precision, LODand robustness

weredetermined.
Recovery

Therecoveriesof all target compoundstestedin
urine were determined at the MRPL asregulated by
WADA. Ten drug-free urine samples were fortified
at theMRPL concentration with al of the compounds
tested, another ten drug-free urine specimens were
extracted according to the described SPE protocol,
and all compoundstested were added to the elution
solvent before evaporation. The direct standards
(without extraction) corresponded to 100% recov-
ery. Recovery was evaluated by comparing the mean
peak-arearatio of theanayteand thel STD in spiked
and direct samples.

Specificity

Evaluation of specificity was carried out by ana-
lyzing six spiked (at MRPL) and six different blank
urine samples collected from six different healthy
volunteers to test for interfering signals in the se-
lected MRM chromatograms at expected retention
times of the analytes.The specificity was also dem-
onstrated by studying 100 urine samples from anti-
doping controls that had previously tested negative
with reference methodsto demonstrate that no inter-
ferences were detected at the retention time of the
analytes under investigation. Amongst these few
samples containing common over-the-counter me-
dicaments, such as paracetamol, ibuprofen or sali-
cylates were also analysed. The specific gravity of
these samples ranged between 1.001-1.030.
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TABLE 3: Thetarget MRMs & compound dependent parameters for UPLC-M S/M S analysis
Compound M pl . Polarity I-_"recursor Product ion Decl us_ter ing Ce(:]lgrsg;/n
Weight ion (M/2) (m/z) potential (V) (eV)
S1- ANABOLIC AGENTS
16-B-OH-STANOZOLOL 344.5 + 345 81;121 40 45;45
3-OH-STANOZOLOL 344.5 + 345 97;121 40 50;45
4-3-OH-STANOZOLOL 344.5 + 345 145;269 40 45;35
STANOZOLOL 328.4 + 329 81 60 55
3-OH-PROSTANOZOLOL 328.4 + 329.3 97.1;111.2 40 40;40
16-B-OH-PROSTANOZOLOL 328.4 + 329.1 81.1;107.2 40 40;40
58-ANDROST-1-EN-17 3-OL-3-ONE
(BBOLDEN ONE MET ABI(SDLITE) 288.4 + 289 121;187 40 40;40
BOLDENONE 286.1 + 287 121;135 40 40;40
CLENBUTEROL 276.1 + 276.7 203;168 40 30;40
EPIOXANDROLONE 306.4 + 307 121;289 40 40;30
OXANDROLONE 306.2 + 307 121;289 35 30;20
EPITRENBOLONE 2704 + 271 199;227 40 40;35
TRENBOLONE 2704 + 271 199;227 40 40;35
FORMEBOLONE 344.4 + 347 173;147 45 45;45
GESTRINONE 308.4 + 309 241;199 45 35;35
METHYLTRIENOLONE 284.1 + 285 198;227 40 40;30
METHYLDIENOLONE 286.4 + 287.2 159.4;135.1 40 40;40
TETRAHYDROGESTRINONE 3124 + 313 241,159 45 35;40
9a-FLURO-17,17-DIMETHYL-18 NOR-
ANDROSTAN-4,13-DIENE-118,0L-3- 318.4 + 319 225.2;299.3 40 35;35
ONE (FLUOXYMESTERONE-MET-3)
M178-HY DROXYMETHYL-170-
METHYL ANDROST-18 NOR 1, 4,13- .
TRIENE-3-ONE (METHANDIENONE 298 * 299 269,135 40 20
MET-4)
17-B-METHYL OXANDROLONE 304 + 305.2 275.2;133.1 40 30;40
D4 ANDROSTERONE GLUCURONIDE 470.6 + 471.3 413.5;301.2 50 15;31
ISTD (170 METHYLTESTOSTERONE) 302.5 + 303 109 35 35
S3- B-2 AGONISTS
TERBUTALINE 225.2 + 226.3 152;125.1 35 35;35
FENOTEROL 303.1 + 304 152;135 40 40;30
FORMOTEROL 344.1 + 345 327;149 40 20;40
D6-FORMOTEROL 350.4 + 351.2 155.3 40 40
$4- HORM ONE AND METABOLIC MODULATORS
AMINOGLUTETHIMIDE 232.1 + 2331 205.3;188.1 35 20;40
ANASTRAZOL 293.1 + 294 225.1;210 40 30;35
CLOMIPHENE 405.1 + 406 100;72 40 45
HYDROXY CLOMIPHENE 421 + 422 100;72 40 45;45
3- METHOXY 4-OH CLOMIPHENE 451 + 452 100;72 45 45;45
HYDROXY EXEMESTANE 298.4 + 299 135;121 40 45;45
EXEMESTANE 296.1 + 297 149;121 40 45;45
17-KETO FULVESTRANT 604.7 + 605.4 377;587.7 50 45;45
RALOXIFENE 473.1 + 474 269;112 45 40;45
HYDROXY TAMOXIFENE 4175 + 418 72;346.1 40 45;35
TOREMIFENE 405.1 + 406 205;72 40 40;45
o -OH-TOREMIFENE 421 + 422 386;404 45 25;15
CARBOXY T TOREMIFENE 401 + 402 72;45 45 45;45
D1 HYDRACARBOXYTORMIFENE 403 + 404 72;45 45 45;45
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Compound M_oI. Polarity F_’recursor Product ion DecIu;tering Ceﬂgrsé?,n
Weight ion (m/z) (m/2) potential (V) (V)
S5-DIURETICSAND OTHER MASKING AGENTS
AMILORIDE 229 + 230 171;116 35 40,40
CANRENONE 340.4 + 341 187;107 40 35;35
SPIRONOLACTONE 416.5 341 187;107 40 35;35
PROBENECID 285.1 + 286 244;185 40 25;40
TRIAMTERENE 253.1 + 254 237;195 40 20;40
ACETAZOLAMIDE 222.2 - 221 83;142 40 50;40
BENDROFLUMETHIAZIDE 421.1 - 420 289;328 45 40;35
(BENDROFLUMETHIAZIDE DEGRADATION PRODUCT-1) 2877 = 286 207160 o 340
4-AMINO 6 TRIFLURO
METHYLBENZENE1,3DISULPHONAMIDE 319.27 - 318 214,239 45 40,40
(BENDROFLUMETHIAZIDE- DEGRADATION PRODUCT -2)
BENZTHIAZIDE 431.9 - 430 228;308 40 45,35
BUMETANIDE 364.4 - 363 319;80 45 30;50
CHLORTHALIDONE 338.8 - 337 190;146 45 40,45
CHLORTHIAZIDE 295.7 - 294 214;179 45 30;40
CYCLOTHIAZIDE 389.8 - 388 205;269 40 40,40
ETACRYNIC ACID 303.1 - 301 243;206.9 35 40;35
EPITHIAZIDE 425.8 - 424 269;404 45 40;35
EPLERENONE 4145 + 415 163.5;337.2 45 45;35
HYDROXY EPLERENONE 430 - 431 337;355 40 30;30
HYDROCHLOROTHIAZIDE 297.7 - 296 269 45 30
HYDROFLUMETHIAZIDE 331.2 - 330 239;302 45 35;30
INDAPAMIDE 365.8 - 364 189;132 45 40,45
METHYLCHLOTHIAZIDE 360 - 358 322 40 20
POLYTHIAZIDE 439 - 438 324.5;418 45 30;25
METOLAZONE 365.06 + 366 259;377 40 40;35
ALTHIAZIDE 383.1 - 382.2 340.8;269.2 45 26;38
CLOPAMIDE 345.1 - 344.1 167.3;77.9 47 48;52
CYCLOPENTHIAZIDE 379.2 - 378.1 205;269 40 36,38
DICLOFENAMIDE 305.1 - 305.2 240.8;77.7 39 36,48
METICRANE 275 - 274.2 210;78.1 38 3847
TRICHLORMETHIAZIDE 380.6 - 379 242.7;307.3 42 41,26
ISTD (MEFRUSIDE) 382.9 - 381 189 45 40
S6. STIMULANTS
2- AMINON ETHYL PHENYL BUTANE 177 + 178 91;113.1 30 30;25
AMIPHENAZOLE 191.2 + 192 117;106 30 25;25
ADRAFINIL 289.3 - 288 121;74 45 35;45
AMPHETAMINE 135.2 + 136.1 91.1;119.1 30 30;25
BENFLUOREX 351.3 + 351.9 230;149 40 25;35
BENZOY LECGONINE 289.3 + 290 168.2;105.1 40 35;35
1-BENZYLPIPERAZINE 176.3 + 177.2 91,65 30 40;50
B-METHYL PHENYL AMINE 135 + 136.1 111,91.2 30 15;30
DIMETHYLAMPHETAMINE 163.3 + 164 91,119 30 30;25
CROPROPAMIDE 240.3 + 240.9 196.2;100.1 40 15;25
CROTETAMIDE 226.3 + 227 182;85.9 40 15;30
COCAINE 303.1 + 304 150;105 35 35;40
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Compound M _oI. Polarity Er ecur sor Product ion Decl uster ing Collision
Weight ion (m/z) (m/2) potential (V)  energy (eV’
S6. STIMULANTS
CYCLAZODONE 216 + 217 79.4,106 40 40;35
ETILEFRINE 181.2 + 182 135;107 35 30;35
FAMPROFAZONE 3775 + 378 175;229 40 45;35
FENBUTRAZATE 367.5 + 368 119;234 40 45;35
FENCAMFAMINE 215.3 + 216 129;171 40 40;40
FENETYLLINE 341.4 + 342 119;181 45 40;40
FENFLURAMINE 231.2 + 232 159;109 35 18;45
HEPTAMINOL 145.2 + 146.1 128;69 30 20;25
ISOMETHEPTENE 141.1 + 142 69;55.3 30 25;20
MECLOFENOXATE 257.7 + 258 213;141 40 25;40
MEPREDINE 247.3 + 248.2 220.1;174.1 35 30;30
MEPHEDRONE 177.2 + 178 145.2;160.1 30 25;15
p-OH-MESOCARB 338 + 339 193;119 35 36;38
METHYL PHENIDTAE 233.2 + 234 84,56 45 45;45
METHYLECGONINE ESTER 181 + 182 117.9,91.2 35 30;40
N-ETHYL AMPHETAMINE 163.3 + 164 91,119 30 35;15
MODAFINIL 273 + 274 167,152 40 35;40
NORFENEFRINE 153.2 + 154 136;91.2 30 20;30
NORFENFLURAMINE 203.2 + 204 187;159 35 17,40
OCTOPAMINE 153.1 + 154 91;136 35 30;20
ORTETAMINE 149.2 + 150 105;133 30 30;20
OXILOFRINE 181.2 + 182 164,105 30 20;30
p-OH-AMPHETAMINE 151.1 + 152 135;107 35 20;30
p-METHYL AMPHETAMINE 149.2 + 150.6 133;105 30 10;15
PENTERAZOL 138.1 + 139 96;68.9 30 25;27
PHENPROMETHAMINE 149.2 + 150.2 119;90.7 30 15;15
PHOLEDRINE 165.2 + 166 107,77 30 30;35
PRENYLAMINE 329.2 + 330.1 90.9;118.9 35 30;30
PROPY LHEXEDRINE 155.3 + 157 69;84 30 25;30
RITALINIC ACID 219.2 + 220 84;56.1 40 40;40
SIBUTRAMINE 279.8 + 280.2 124.8;138.8 35 30;30
STRYCHNINE 334.41 + 335 184,264 45 40;35
TAUMINOHEPTANE 115.18 + 116 57,41 30 30;30
METHYLHEXANEAMINE 115.18 + 116 57,41 30 30;30
DIMETHY AMINOETHANOL
(DMAE) 89.1 + 90 72,57 30 20;25
MECLOFENOXATE-DP-1
p-CHLORPHENOXYACETIC
ACID
(4-CPA)MECL OFENOXATE-DP- 186.6 - 185 127,111 30 30;30
2
METHAMPHETAMINE 149.2 + 150 91,115
AMFEPRAMONE 205.1 + 206.2 105.1
MODAFINILIC ACID 274 - 273 167;105.8 35 35;35
NICOTINE 162.2 + 163 132;117 30 15;15
COTININE 176.2 + 177 143;98 30 25;30
TETRA-OH-COTININE 192 + 193 134;86 30 30;35
NICOTINE-N-OX 178 + 179 132;117 30 30;35
D6-AMPHETAMINE 141.2 + 142 125.1 30 11
DIPHENYLAMINE (ISTD) 169.2 + 170.1 93 30 30
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Compound M‘oI. Polarity ~ Precursor ion Product ion Declustering potential  Collision energy
Weight (m/2) (m/2) (V) (V)
S.7- NARCOTICS
BUPRENORPHINE 467.6 + 468 414;39%.1 45 30;35
FENTANYL 336.2 + 337 105;188 40 40,40
NOR-BUPRENORPHINE 4135 + 414.3 101,396 45 40,20
NORFENTANYL 232.3 + 233 84.2,56.1 40 40,45
D3 CODEINE 302.3 + 302.9 215.1;165.1 40 35,45
D3 CODEINE GLUCURONIDE 478 + 479.2 303.1,165.2 45 40;55
D3 MORPHINE 288 + 289 201; 152 35 35; 55
D3 MORPHINE 6 BETA 464 + 465.2 289.1,74 45 4055

GLUCURONIDE

S8-CANANBINOIDS

JWH-122 213 + 214 169;141 35 35;40
S9-GLUCOCORTICOSTEROIDS

20p-OH-PREDNISOLONE 362 + 363 267;345171 45 20;45
BECLOMETHASONE 408.9 + 409 391, 279 60 25; 35
BETAMETHASONE 392.1 + 393.1 373.3;337.4 45 20;25
DEXAMETHASONE 392.4 + 393.1 373.3;337.4 45 20;25
16-0-OH PREDNISOLONE 376.4 + 377 359;323 40 25;30
BUDESONIDE 430.2 + 431 173;323 50 40,35
CORTISONE 360.4 + 361 163;105 35 35;35
DESACETYLDEFLAZACORT 399.4 + 400 124;147 45 45,45
DESONIDE 416.2 + 417 399;147 40 20;40
FLUDROCORTISONE 380.1 + 381 181;105 45 40;45
FLUDROCORTISONE ACETATE 422.4 + 423 239;343 50 45;35
FLUMETHASONE 410.4 + 411 253;121 45 25;35
FLUNISOLIDE 434.5 + 435 321121 45 35;40
FLUOCORTOLONE 376.4 + 377 303;171 45 30;40
CARBOXYFLUTICASONE 452.4 + 453 293,275 45 40,35
FLUTICASONE 500.5 + 501 293;313 45 45,40
HYDROCORTISONE 362.4 + 363 121 45 40

METHYL PREDNISOLONE 374.2 + 375 161,357 45 40;20
PREDNISOLONE 360.1 + 361 343,147 35 20;40
PREDNISONE 358.1 + 359 171,341 45 40;20
TRIAMCINOLONE ACETONIDE 434 + 435 415 45 20

TRIAMCINOLONE 394.4 + 395 375;357 45 20;30
TETRA HYDROXY CORTISOL 366 + 367 331,313 40 20,30
TETRA HYDROXY CORTISONE 364 + 365 347;329 40 20;30

P.2-BETA BLOCKERS

ACEBUTOLOL 336.2 + 337 116;72 45 40;45
ALPRENOLOL 249.1 + 250 116;147 40 40;40
ATENOLOL 266.1 + 267 190;145 40 40;40
BETAXOLOL 307.2 + 308 121;133 40 40;40
BISOPROLOL 325.2 + 326 116;72 40 40,45
BUNOLOL 291.3 + 292 236;201 40 35;35
CARVEDILOL 406.1 + 407 100;222 45 40,35
CELIPROLOL 379.4 + 380 25174 40 35;40
CARTEOLOL 2921 + 293 237,202 40 30;30
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Compound M_ol. Polarity Precursor ion Product ion Decl us_tering Collision
Weight (m/z) (m/z) potential (V) energy (eV)
ESMOLOL 295.1 + 296 219;145 40 30;40
LABETALOL 328.1 + 329 162;311 40 40;20
METIPRANOLOL 309.1 + 310 116;191 40 45;45
METOPROLOL 267.1 + 268 116;191 40 40;40
NADOLOL 309.1 + 310 254;201 45 30;40
OXPRENOLOL 265.1 + 266 72;116 40 40;35
PINDOLOL 248.1 + 249 116;172 40 35;35
PROPRANOLOL 259.1 + 260 116;183 40 40;35
SOTALOL 2721 + 273 255;213 35 20;30
TIMOLOL 316.1 + 317 261;244 40 30;35
ISTD (BUPRANOLOL) 271.7 + 273 217 40 30
M.1- ENHANCEMENT OF OXYGEN TRANSFER
II\E/IITEA'\I'ZRI;) (;(LI Il?I'AI\EL 341.4 340 120;254 45 45;40

| on suppr ession/ion enhancement

Theextent of ion suppression or enhancement was
investigated by analysing six different blank urine
sampl esviapost-column continuousinfusion of amix-
ture of thereference compounds (10 pg/mL at a flow
rate of 7 uL/min)?4.

Precision

Intra-day precision wasdetermined at MRPL for
each compound using fivereplicates of spiked urine
samples. The corresponding inter-assay precision
was cal culated from sampl es prepared and analyzed
on three different days (n=5/day). The precision of
the method was determined by calculation of the
coefficient of variation (CV%) of the area ratio of
theiontrangtion of theanaytesand theinternal stan-
dard.

Limit of detection

The LOD was defined as the lowest concentra-
tion of analyte (S/N>3) that can be identified, mea-
sured and reported. The LOD wasestimated viasig-
na to noiseratio (S/N) of thelowest abundant MRM
transition using ten blank samples and ten fortified
samples at concentration levels from 2-50 % of
MRPL for different compounds.

Applicability toroutinedoping control samples
The method was applied to fifty urine samples

previoudy declared positivefor one of the substances
includedin thisscreening using earlier method. In addi-
tion, hundred urine sampleswhichwered ready reported
negative by previousmethod were al so reanayzed.

RESULTSAND DISCUSSION

A sensitive and high-throughput screening
method for the determination of 165 prohibited sub-
stances from 10 different classes viz: S1. anabolic
agents including clebuterol (21), S2. -2 agonists
(03), $A. hormones and metabolic modulators (14),
S5. diuretics and masking agents (30), S6. stimu-
lants (51), S7. narcotics (04), S8. cannabinoids (01),
S9.glucocorticosteroids (21), P2. betablockers (19)
and M 1. Method for oxygen enhancement (01) was
developed and validated for qualitative analysis.

To achieve the MRPL levels as per WADA
TD2013MRPL it became necessary to have amore
sensitive method. Theuse of UPLC-MS/M S system
to achieve the high sensitivity level proved to be
beneficial but at the sametimeit required a specific
enough sampl e preparation method with cleaner ex-
tracts.

Samplepreparation

A generic sample preparation method was de-
veloped which was able to isolate and
preconcentrate analytes of different classesi.e. corti-
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costeroids, anabolic steroids, 3 2 agonists, diuretics,
stimulants, narcotics, betabl ockersand hormone and
metabolic modulators in one procedure from urine
samples. Theclassica sample preparation method pre-
vioudy employedinthelaboratory consisted of hydroly-
sisby B-glucuronidase (E.coli) followed by two step
liquid-liquid extraction: extractionin TBME at pH 9-
10 and extraction in ethyl acetate at pH 4521, While
thismethod gave optimum resultsand wasin-usein
laboratory for 5 years, but few impedimentswere ob-
served after thegpplicability of WADA TD2013MRPL
which gaveriseto the need of shifting sample prepara-
tion method to solid phase extraction procedure.

The approach towards sample extraction in this
study was aiming to recover wide range of chemis-
tries of the acidic, basic and neutral in one single
sample. The protocol used for the SPE in this study
was based on mixed mode cartridges optimized to
provide best extraction recoveries. Several mixed
mode cartridgesweretested. Higher extractionyields
were obtained with Oasis HLB cartridges as com-
pared with other cartridges. The pH dependence of
therecoveriesof acidic, basic and neutral drugswas
examined to set the condition of charging the sample
into the column. It was found that an effective re-
covery of all the compounds could be achieved
while keeping the sample pH neutral prior to load-
ing the sample on cartridge. The greatest impedi-
ment of SPE of urine samplesisthe high rate of col-
umn blockage experienced during sampl e extraction.
Sample blockage could result in the loss of signifi-
cant throughput. Centrifugation of urine sampleprior
to sampl e preparation has beenused to overcomethis
problem.

In addition, the method uses only 2 ml of urine
volumefor theanalysis of 165 drugsfrom 10 differ-
ent categories. In general the volumels 24 times
lower than the volume normally used for screening
of such high number of drugsin routine doping con-
trol procedures. Thisisuseful since in doping con-
trol alimited amount of urineisavailablefor screen-
ing and confirmation of awide range of substances.
The effectiveness of the de-conjugation step was
evaluated in every sample by monitoringthesigna of
D3-codeine glucuronide and D3-63 morphineglucu-

—— U] Paper

ronide, together with their deconjugation products D3-
codeine and D3-63 morphine. ISTDsweresdlected to
correct random or systematic errorsinthe positiveand
negative ESI modes. Stableisotopicaly labded stan-
dardsaregeneraly preferred for biological matrices
(especidly inquantitative assays), asthey are structur-
aly smilartotheana yteand eluted at Smilar retention
time. However, sincethisstudy wasbased on qudita-
tiveanadysstheuseof isotopicaly ladbded internd stan-
dardswas not amandate. Hence, the choiceof interna
standardsfrom variouscategoriesviz. 17-o. methyltes-
tosterone(AAS), mefruside (diuretic), formoterol d-6
(B2agonist), dl amphetamined6 (stimulant), bupranol ol
(beta-blocker) and diphenylamine (stimulant) aidedin
keeping aquality check on system suitability.

Chromatographicconditions

UPL Cimproveschromatographic resol ution, Speed
and sengtivity, and when coupled tofast scanning mass
spectrometry, facilitatesrapid, high-throughput anay-
gs. Therefore, aUPLC sysemwith Acquity BEH C18,
2.1mm X 100mm X 1.7u column was used. The chro-
matographic optimizationsalowed to separateand de-
tect amixture of 165 doping substanceswithin 8 min.
Mgjority of compounds were basic (68%) (e.g.,
stimulants,3-blockers) followed by acidic substances
(22%) (e.g., diuretics, stimulants) with theremainder
being neutrd andytes(e.q., few diuretics,anti-estrogens).

Thechromatographic conditionswerechoseninan
appropriateway and werefound to be compatiblewith
the APl source. The choice for themobile phasewas
adopted from the previ ous screening method empl oyed
inthelaboratory!?>29, A gradient starting at 95% aque-
ousbuffer (1% Formic acid, pH 3.5) wasrequired to
ensuresufficient retention for hydrophilic compounds.
To avoid column blockage apre-column hasbeen used.
Over 1500 analyses were conducted with the same
andytical columnwithout any lossin chromatographic
performance. Inthe beginning of thegradient, mostly
amphoteric compoundswithlow logD vaues(log Pat
defined pH) e uted, reflecting their hydrophilicity. Pesk
shapesweregeneraly good athough some splitting of
peakswas observed in the beginning of the gradient.
Compoundswith the sameretention timewerereadily
identified by their mass spectrum.
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Figure 1 : Multiple reaction monitoring (MRM) ion chromatogram peaks of various analytes showing identifica-

tion capability of the method
M ass spectrometry

For mass spectrometric method devel opment indi-
vidua standard solutionsof dl drugswereoptimizedin
both positive and negative ESI modes. As expected,
higher Sgnd intengity wasobtained inpogitive ES mode
for basic and neutral compoundsand, negativeioniza-
tion mode was preferred for acidic molecules. The
method was optimized to detect the drugs, using the
MRM pair comprising of precursor and product ions.
Theproduct ions (Q3) were obtained during the colli-
sion of the precursor ions (Q1) in collision cell (QO).
The corresponding retentiontimes, MSand MS/IMS

spectrawerethen used to obtain structura information.
All the compounds showed good sensitivity and were
separatedin8 minutesof runtime. Andyteidentification
inthe screening step was based both on retentiontime
(tR) and m/z of adiagnosticion (MRM).

Thecapability of inclusion of fast polarity switching
(50 ms) inthe method ensured an optimizedionization,
of acidic or basic analytesin thesameanalytica run.
While 142 ana ytesweredetected in positiveionization
mode mainly as protonated molecule [M+H] *, 23
ana yteswere detected in negativeionizationmode as
deprotonated molecule[M-H] .
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Method validation

The screening method devel opedinthestudy amed
a qualitativeanayss. Theidentification wasbased on
the compound’s chromatographic and mass spectro-
metric properties. For every batch of urine samples,
cleaning of curtain platewith methanol was performed
before sampleanalysis. A QC samplewasinjected at
thebeginning and end of theandytica sequenceto verify
that theanal ytical processwasin control. No signifi-
cant changein sensitivity was observed between the
two QC sampleinjectionsthroughout thisstudy, indi-
cating that the method is robust for routine use. No
remarkablevariationin resultsof inter day, intraday &
inter persond studieswasobserved, confirmingthat the
methodissufficiently reliableand reproducible.
Specificity

Theevauation of specificity insix different spiked
and six different blank urine samplesshowed no inter-
fering signasinthe selected MRM chromatograms at
expected retention timesof the analytes. Moreover, the
andysisof hundredindependent negative urine samples
allowed extensive evaluation of the specificity of the
method. Co-dlutionswith endogenoussubstanceswere
observed for prednisolone, boldenone,
methyldeinolone, formebolone, amphetamine,
oxiloferineand methyl phenidate. Therefore, more spe-
cificfragmentswere obtained for these analytesand
wereincorporated in the method.
| dentification capacity

All the 165 compounds showed good identifica-
tion capacity yielding good peak shapeswith maximum
possiblenumber of dwell times. Theeffect of dwell time
on sensitivity hasbeen reported by Herrinet d 2. The
longer dwell times|ed tobetter sengitivity, dthough the
gaininsengtivity wasmoderate beyond 20ms. Thepit-
fal of longer dwell timesresultedinalonger duty cycle
timethat had anegativeimpact onchromatographic data
points, particularly for the narrow pesks. All 165target
compoundscould beeasily detected with sufficient sen-
sitivity at the dwell time of 5 mswhichwasused in
subsequent MRM experiments(Figure 1).

| on suppr ession/ion enhancement
lon-suppression/ion enhancement, sometimesre-

——  Fyl] Peper

ferred to asmatrix effect, isacommon problemin AP
mass spectrometry?29, No significant ion suppression
or enhancement was observed on six different blank
urineswhich were analyzed with continuous co-infu-
sion of thetarget analytes (10 pg/mL at a flow rate of 7
pL/min) via T connector.

Carryover

Carry-over, which isthe appearance of an anayte
signal in ablank (drug-free extracted matrix) injection
subsequent to analysisof high concentration samples,
isacommon problem in LC-MS/MS methods®%3Y,
Thisproblem occursduetoretention of andytesby ad-
sorption on active surfaces of theauto injector system,
solvent lines, SPE, or theandytical column. Thecarry-
over isaso dependenton the type of analyte and the
dynamic range of an assay. Hence, theissue becomes
exacerbated after theinjection of ananayteat high con-
centrations. Thecarry-over effect wasevauated by in-
jecting theanaytesspiked inurineat 1 pg/ml, followed
by injection of three blank samples. Thecarry over ef-
fect of lessthan 0.5% in thefirst blank sample was
demonstrated by the following analytes
viz.benfluorex, fencamfamine, fenethylline and
timolol, but no analyte was found in the subsequent
blankurinesamples. Therefore, it was concluded that if
any of thetargeted anayteisfound to be positiveintwo
subsequent samples (if < 1% of peak areathaninthe
preceding sample), they shouldbere-injected withtwo
urine blanksin between.

Precision
For intra-day precision therelative peak areare-
sponsesfor samplesspiked at theMRPL level and ana-
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Figure 2 : Limit of detection (LOD) % as compared to
WADA MRPL of various categories of banned drugs.
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TABLE 4: Method validation results showing recovery%, precision and LOD

Compound Tcaorn(‘:]cejt (Is_/r?>D3) ) egtnt;recgc:e\t/_ery Rec(?/overy F!rn ;%q:g* F!rnégg'j:%l* F(QC?\I
(ng/ml) concentration (CV %) (CV %) %)

16 p-OH-STANOZOLOL 2 0.5 19 95 7.6 9.3 0.08
3-OH-STANOZOLOL 2 0.8 14 70 58 6.5 0.22
4 B-OH-STANOZOLOL 2 1 11 55 51 8.5 0.52
STANOZOLOL 2 1 1.6 80 6.1 9.5 0.11
(30LDENONE METABOLITE) 52 51 0 54 74 o4
BOLDENONE 5 2 6.2 124 7.1 9.5 0.56
CLENBUTEROL 0.2 0.1 0.2 100 2.2 4.1 0.11
EPIOXANDROLONE 5 2.5 5 100 3.6 5.9 0.21
OXANDROLONE 5 2.5 4 80 4.5 52 0.25
EPITRENBOLONE 5 2.5 3 60 8.5 9.1 0.52
TRENBOLONE 5 2.5 4 80 7.4 5.6 0.41
FORMEBOLONE 5 2 3 60 4.8 6.5 0.14
GESTRINONE 5 2 3 60 58 6.2 0.41
METHYL TRIENOLONE 5 2 4 80 7.1 85 0.46
METHYLDIENOLONE 5 2 4 80 5.6 6.5 0.65
TETRAHYDROGESTRINONE 5 2 4 80 59 9.1 0.25
9a-FLURO-17,17-DIMETHYL-18 NOR-
ANDROSTAN-4,13-DIENE-118,0L-3-ONE 5 15 4 80 6.5 8.2 0.45
(FLUOXYMESTERONE METABOLITE-3)
AMINOGLUTETHIMIDE 20 5 15 75 54 85 0.26
ANASTRAZOL 20 5 16 80 7.4 8.6 0.36
CLOMIPHENE 20 5 12 60 8.5 6.3 0.54
4-OH CLOMIPHENE 20 5 20 100 53 6.2 0.41
EXEMESTANE 20 5 24 120 55 6.8 0.65
HYDROXY EXEMESTANE 20 5 10 50 8.5 4.2 0.23
FENOTEROL 20 5 6 120 54 6.8 0.25
FORMOTEROL 20 5 17 85 5.6 6.1 0.25
TERBUTALINE 20 5 18 90 7.8 8.9 0.54
17-KETO FULVESTRANT 20 5 22 110 52 8.1 0.26
RALOXIFENE 20 5 14 70 53 6.5 0.35
OH-TAMOXIFENE 20 5 11 55 5.6 95 0.41
TORMIFENE 20 5 10 50 55 85 0.65
EFAPROXIRAL 20 5 16 80 85 9.6 0.65
AMILORIDE 200 20 156 78 7.4 85 0.23
CANRENONE 200 20 186 93 5.6 9.6 0.58
SPIRONOLACTONE 200 20 186 93 4.8 85 0.21
METOLAZONE 200 20 164 82 54 7.8 0.35
PROBENECID 200 20 138 69 45 6.3 0.69
TRIAMTERENE 200 20 122 61 8.5 9.5 0.32
ACETAZOLAMIDE 200 20 130 65 9.4 9.5 0.22
BENDROFLUMETHIAZIDE 200 20 84 42 6.8 9.6 0.45
BENZTHIAZIDE 200 20 144 72 7.8 8.5 0.85
BUMETANIDE 200 20 193 97 5.6 8.5 0.82
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Target LOD M ean recovery at Recovery Intr_a_day Inte_rc_jay RRT

Compound conc. (In>3) target % Precison* Precison* (cv

(ng/ml) concentration (CV %) (CV %) %)

CHLORTHALIDONE 200 20 122 61 55 7.4 041
CHLOROTHIAZIDE 200 20 188 94 8.6 9.6 0.12
CYCLOTHIAZIDE 200 20 174 87 45 5.8 0.47
ETACRYNIC ACID 200 25 190 95 5.9 6.7 0.25
EPITHIAZIDE 200 20 168 84 5.4 6.8 0.48
EPLERENONE 200 20 184 92 8.9 9.7 0.78
FUROSEMIDE 200 20 91 46 55 8.6 0.54
HYDROCHLOROTHIAZIDE 200 25 76 38 6.5 6.3 0.26
HYDROFLUMETHIAZIDE 200 20 80 40 5.8 7.8 0.57
INDAPAMIDE 200 25 86 43 85 8.4 041
METHYLCHLORTHIAZIDE 200 20 158 79 6.5 6.6 0.21
METOLAZONE 200 20 108 54 7.8 85 0.21
POLYTHIAZIDE 200 20 194 97 4.8 7.4 0.54
ALTHIAZIDE 200 20 186 93 7.5 9.8 0.54
CLOPAMIDE 200 20 154 77 5.8 7.6 0.86
CYCLOPENTHIAZIDE 200 20 168 84 4.8 9.6 0.54
DICLOFENAMIDE 200 20 196 98 8.6 9.6 0.57
METICRANE 200 20 148 74 8.7 89 0.45
TRICHLORMETHIAZIDE 200 20 152 76 9.6 8.4 0.87
AMIPHENAZOLE 100 50 86 86 6.3 6.6 0.21
éC'IMAIl’:llg N ETHYL PHENYL 100 30 84 84 7.5 7.9 0.47
ADRAFINIL 100 20 50 50 5.4 8.6 0.21
AMPHETAMINE 100 30 68 68 5.4 6.8 0.45
BENFLUOREX 100 30 54 54 8.6 11.3 0.58
BENZOYLECGONINE 100 20 60 60 5.8 6.9 0.54
1-BENZYLPIPERAZINE 100 20 72 72 8.4 9.4 0.25
f METHYL PHENYL AMINE 100 20 80 80 84 9.4 0.85
DIMETHYLAMPHETAMINE 100 20 55 55 85 9.6 0.24
CROPROPAMIDE 100 20 65 65 5.4 6.5 0.52
CROTETAMIDE 100 20 66 66 7.4 7.5 0.25
COCAINE 100 20 78 78 6.4 8.3 0.24
CYCLAZODONE 100 20 74 74 6.9 9.6 0.35
ETILEFRINE 100 50 32 32 5.7 7.9 0.45
ETILAMPHETAMINE 100 20 78 78 89 9.6 0.47
FAMPROFAZONE 100 10 60 60 5.8 6.9 0.86
FENBUTRAZATE 100 10 76 76 7.5 8.2 0.56
FENCAMFAMINE 100 10 55 55 8.6 9.5 0.65
FENETYLLINE 100 20 48 48 6.5 89 0.57
FENFLURAMINE 100 20 65 65 6.6 7.5 0.52
HEPTAMINOL 100 50 35 35 7.8 9.9 0.47
ISOMETHEPTENE 100 20 45 45 85 9.6 0.54
MECLOFENOXATE 100 50 34 34 5.2 8.6 0.25
MEPRIDINE 100 20 65 65 8.4 9.4 0.58
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Target LOD M ean recovery at Recovery Intr_aday Inte_r(_jay RRT

Compound conc. (In>3) target % Precison* Precison* (cv

(ng/ml) concentration (CV %) (CV %) %)

MEPHEDRONE 100 25 84 84 9.5 8.6 0.58
P-OH-MESOCARB 100 25 77 77 6.4 8.6 0.25
METHLPHENIDATE 100 50 81 81 9.6 9.4 0.58
METHYLECGONINE 100 25 31 31 85 9.4 0.63
N-ETHYL AMPHETAMINE 100 50 78 78 45 8.6 0.14
MODAFINIL 100 25 55 55 6.7 9.4 0.58
NORFENEFRINE 100 50 28 28 85 8.6 0.25
NORFENFLURAMINE 100 30 51 51 6.8 9.4 0.47
OCTOPAMINE 100 50 25 25 7.9 8.8 0.89
ORTETAMINE 100 25 92 92 85 89 0.58
OXILOFRINE 100 25 28 28 6.5 9.6 0.65
P-OH-AMPHETAMINE 100 25 24 24 7.8 9.9 0.47
VA 100 50 118 118 85 9.7 0.54
PENTERAZOL 100 50 74 74 85 8.3 0.78
PHENPROMETHAMINE 100 25 55 55 6.5 9.2 0.54
PHOLEDRINE 100 25 39 39 10 10 0.12
PRENYLAMINE 100 25 69 69 5.6 6.4 0.68
PROPYLHEXEDRINE 100 20 49 49 9.6 9.5 0.87
RITALINIC ACID 100 50 51 51 6.9 10.4 0.21
SIBUTRAMINE 100 50 48 48 7.8 89 0.47
STRYCHNINE 100 10 97 97 5.8 9.5 0.98
TAUMINOHEPTANE 100 20 87 87 7.4 85 0.51
METHYLHEXANEAMINE 100 20 87 87 85 9.7 0.54
METHAMPHETAMINE 100 20 65 65 5.4 8.8 0.58
AMFEPRAMONE 100 25 55 55 9.5 8.8 0.24
BUPRENORPHINE 5 4 80 4.8 5.6 0.58
FENTANYL 2 2 100 8.6 9.6 0.58
NOR-BUPRENORPHINE 5 3 60 7.8 89 0.57
NORFENTANYL 2 0.5 2 100 85 9.5 0.21
JWH-122 1 0.5 0.5 50 85 9.6 0.24
20B3-OH-PREDNISOLONE 30 5 27 90 45 5.6 0.28
BECLOMETHASONE 30 5 24 80 41 6.5 0.51
BETAMETHASONE 30 5 18 60 52 6.1 0.65
DEXAAMETHASONE 30 5 18 60 5.6 6.2 0.21
16-a-OH-PREDNSIOLONE 30 10 27 90 85 9.6 0.54
BUDESONIDE 30 10 21 70 7.4 85 0.54
BE?I:AACZTC\:((I)_RT 30 5 18 60 6.5 9.4 0.21
DESONIDE 30 5 24 80 9.6 9.5 0.54
FLUDROCORTISONE 30 5 27 90 6.5 85 0.54
,I;\IE:LIJE%E?ICE: ORTISONE 30 5 24 80 6.8 9.6 0.47
FLUMETHASONE 30 5 30 100 2.3 4.6 0.36
FLUNISOLIDE 30 5 21 70 85 9.3 0.24
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Target LOD M ean recovery Recovery I ntr_a_day I nte_r;lay RRT
Compound conc. (gn>3) at target_ % Precision*  Precision* (CV
(ng/ml) concentration (CV %) (CV %) %)

FLUOCORTOLONE 30 5 27 90 6.5 9.5 0.12
CARBOXYFLUTICASONE 30 5 27 90 5.4 7.8 0.59
METHYL
PREDNISOL ONE 30 5 15 50 7.5 8.6 0.54
PREDNISOLONE 30 10 18 60 9.6 9.5 0.25
PREDNISONE 30 10 18 60 6.5 9.4 0.54
TRIAMCINOLONE
ACETONIDE 30 5 24 80 4.6 6.5 0.21
TRIAMCINOLONE 30 5 15 50 3.6 45 0.25
ACEBUTOLOL 100 20 94 94 45 52 0.28
ALPRENOLOL 100 20 79 79 5.8 9.6 0.54
ATENOLOL 100 25 45 45 6.5 8.4 0.21
BETAXOLOL 100 20 94 94 6.9 8.5 0.58
BISOPROLOL 100 20 62 62 2.8 45 0.58
BUNOLOL 100 20 65 65 6.9 8.7 0.47
CARVEDILOL 100 20 64 64 8.7 8.9 0.74
CELIPROLOL 100 20 89 89 6.5 45 0.54
CARTEOLOL 100 20 89 89 6.9 8.7 0.54
ESMOLOL 100 20 85 85 5.8 9.7 0.57
LABETALOL 100 20 84 84 39 5.4 0.85
METIPRANOLOL 100 20 77 77 6.8 9.5 7.8
METOPROLOL 100 20 60 60 6.1 52 0.21
NADOLOL 100 20 38 38 7.1 8.4 0.47
OXPRENOLOL 100 20 73 73 6.5 5.4 0.74
PINDOLOL 100 20 85 85 6.8 8.5 0.47
PROPRANOLOL 100 20 85 85 7.6 8.5 0.22
SOTALOL 100 25 35 35 45 2.4 0.54
TIMOLOL 100 20 96 96 1.2 35 0.14

*Interday & intraday precision estimated at the target concentration of each analyte.

lyzed viathe screening method showed CV % values
rangingfrom 1.2% (timolol) to 10% (pholedrine). While
for inter-day precision the CV%ranged from 2.4%
(sotalol) to 11.3% (benfluorex) (TABLE 4). There-
sultsindicatethat the method has acceptable limits of
repeatability and reproducibility for day-to-day screen-
inganayss. Thisisanimportant aspect while proceed-
ing for confirmation of the suspicioussample.

Recovery

Therecoveryfor dl compoundsstudiedranged from
25% (octopamine) to124% (boldenone). A widevaria-
tionin extraction recoveriesisto be expected consid-
ering that theanaytesunder study areacombination of
variouschemidtrieslikediphatic, aryl, phenolic. aka-

loids, phenanthreine, piprazine, thiazide, with varying
functional groupslike OH, NH,, CO, COOH etc. Itis
notably important that the compounds showing lower
recovery (25-60%) could also be detected at equal to
or lessthan 50 % of MRPL level (TABLE 4).

Limit of detection (L OD)

TheLOD estimated in tenfortified samplesat con-
centration levelsfrom 2-100 % of MRPL for different
compoundswasfound satisfactory. It waspossibleto
achievethe LOD ranging between 10-50% of MRPL
valuesof different anayes (Figure 2). For compounds
in which recovery was found to be below 50%, the
L OD wasfound much below the MRPL yid ding agood
detection capability (TABLE 3). Thedeve oped method
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satisfied WADAs criteria in terms of sensitivity for all
the 165 compounds studied.

Relativeretention time

Inorder to usetR asaparameter for LC behavior,
it wasimportantto demonstrateitsreliability. Therda
tiveretentiontimes (RRTSs) wereobservedin three con-
secutive batchesand the precision was determined by
caculation of the coefficient of variation (CV %). Dur-
ing thisperiod, the preparation of fresh mobile phases
and maintenanceof the ESl sourcewasperformed daily.
It wasfound that the CV % did not exceed 1% for any
of the compound (TABLE 4). Therefore, tR was ac-
cepted asardevant and reliableidentification criterion
for the analytes. The I.S.S were monitored in each
sampleto detect variancein L C performance, sensitiv-
ity or tR variations.

Applicability toroutinedoping control samples

Thesuitability of the devel oped method for target
andysiswasproven by analyzing 50 urine samplespre-
viously declared positivefor substancesincludedinthe
screening method. No fal se negative samples were
found. However, these samples showed good sensitiv-
ity and identification capability towardsthe analyte of
interest (Figure ). Furthermore, thetesting of 100 urine
samples screened as negative earlier, using previous
method were screened as negative using the present
method. Theinclusion of two MRM transitionsinthe
screening method further ensured to improvethe speci-
fiaty.

The MS source cleaning was performed every
100 urine samples. The pre-column was changed
after 1500injections, and the column wasreplaced af-
ter 3000 injections based on daily SSSmonitoring. The
current method takesonly 8 min. of runtimeto anayze
1 sampleagainst the 16 min runtimeof thetraditional
method. Thishassgnificantly improved thethroughput
where 90 samplescould be detectedin 12 hoursagainst
45samples per 12 hours using the old method. This
method wasthus considered beneficid intermsof andy-
gstime, cost effectiveness, resourcesand requisiteguide-
lines

In comparison to the earlier screening procedure
area gain in time was obtained since the sample
treatment was very fast, and the screening of the 165
analytes was performed using a single generic

method. It hasbeenin routineusefor morethan 6months
involvingtheanadysisof over 1500 urinesamples. Only
one UPLC columnswas heeded for thisperiod. Use of
the old screening procedure has been discontinued af-
ter running both methodsin pardld for 1 month.

CONCLUSION

The experiments presented in this work were based
on UPLC-MS/MS. A fast, generic and sensitive method
wasdevel oped for theanaysis of 165 compoundsachiev-
ing LOD between10 to 50% of WADA MRPL. The
method was validated according to the International Stan-
dard for Laboratories (ISL) described in the World Anti-
Doping Code and was sel ective enough to comply with
the World Anti-Doping Agency recommendations. The
developed method could be of significant use in
bioanalytical, forensic & pharmaceutical & clinicd anay-
Ss.
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