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Abstract

Diuretics are included in the WADA prohibited substances list for athletes. These compounds can be
detected by the GC-MS technique, which is effective and has been widely used. However, the GC-MS
requires derivatization in the sample preparation step and is limited in sensitivity for the detection of some
new diuretics. Therefore, UFLC-MS/MS was developed in this study to improve the analysis and
identification of the diuretics for the screening of these compounds as part of sport anti-doping efforts. The
conditions for chromatographic separation and mass fragmentations were optimized for reproducible
identification of all the compounds. The developed method was validated and found fit-for-purpose for the
WADA requirements for screening of the twenty diuretics in anti-doping. The method has potential
application for routine analysis of diuretics in other types of samples.
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2.0 1.0
1.0 0.54
0.0 = 0.0 = — —
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a1 (i) na1 (i)

i 1 mamnmzzuazlesaufiluendn¥aianmsuandIzad furosemide wazhydrochlorothiazide (1)
LEALNFIUNATNNIUANGIAN furosemide Waz(A) hydrochlorothiazide () UWEANIMBLUDE

Tasinlounsurasloaaudiiuiandnuaimsunndues furosemide Nizunaloaay 285.00 (1FudM) uae
205.10 (Ldudnm)uas(hydrochlorothiazide flnalosau 205.00 (1udd) war78.10 (wudBnn)

A9Nd 1 damzanzanuazmananeallumsensiingudaanzanasgiv 20 rlialeamaiialasin
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8 na wadanly  dssalums MRM transition
gaudaans Tuana duNNS*  MSUAne UWHNA (wacailszq)
(eV)

1  Acetazolamide 222.0 0.12 24 Negative 221.00 > 83.10
2 Amiloride 229.0 0.08 18 Positive 230.00 > 171.00, 143.00
3  Bendroflumethiazide 421.0 0.92 24 Negative 420.00 > 289.00, 197.00
4 Benzthiazide 431.0 0.84 24 Negative 429.85 > 307.85, 227.70
S Bumetanide 364.1 0.97 20 Positive 365.00 > 240.00, 184.00




58 | NI IMsWanNulszhgnuive (Un 2 Samaew 2558)

oL PR waaaly  dssalums MRM transition
gauddaanne Tuana duNNS*  PISUENE? WONHI (anasadszy)
(eV)

6 Carenone 340.2 1.03 36 Positive 341.00 > 107.00, 187.00
7  Chlorothiazide 295.0 0.14 30 Negative 293.90 > 214.00, 179.10
8  Chlorthalidone 338.0 0.21 16 Negative 336.90 > 189.90, 145.80
9  Cyclopenthiazide 379.0 0.93 30 Negative 377.90 > 205.00, 269.00
10 Cyclothiazide 389.0 0.87 35 Negative 387.85 > 205.00, 268.85
11  Epitizide 425.0 0.74 33 Negative 424.00 > 269.00, 205.10
12 Eplerenone 414.2 0.69 20 Positive 415.00 > 163.00, 121.00
13 Furosemide 330.0 0.55 16 Negative 328.90 > 285.00, 205.10
14 Hydrochlorothiazide 297.0 0.15 38 Negative 295.90 > 78.10, 205.00
15 Hydroflumethizide 331.0 0.21 28 Negative 330.00 > 239.10, 303.00
16 Indapamide 365.1 0.79 18 Positive 366.00 > 132.00
17 Methylclothiazide 359.0 0.43 15 Negative 357.90 > 321.80, 257.80
18 Metolazone 365.1 0.55 20 Positive 366.20 > 259.00, 348.00
19 Polythiazide 439.0 0.91 25 Negative 437.80 > 323.80, 397.90
20 Triamterene 253.1 0.10 42 Positive 254.00 > 104.00, 237.00
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\ J
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1L { \L [\
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i 2 TasinTaunsuuaasnaszuaslasauiiiiviendnsaiuasensulaams w 20 nilaiszduay
wWudy 200 lunsuaafiadans (2) - (21) w5aua28 170~ methyltestosterone IS (1)
Tundazlasanlaunsuuanslassuidiviendnsellumsuand LLazﬂ%mmﬁmutywmﬁm'mi’ﬂlﬁ
Sy Ui aTEmaing (dulse)

M15197 2 MTNULFNHINMINAFaUANNIFLezaN5 Tasuaaim LOD Jagasmslonauduuas Sauas
ANNANALATDU

ndudaans LOD Jasaznsle JagazANN
(ng/ml) NauAY AaIALATaY
1 Acetazolamide 25 28 13
2 Amiloride 100 4 9
3  Bendroflumethiazide 25 36 14
4  Benzthiazide 25 61 3




60 | NI IMIWRINNUYsEIFNUITE (U 2 Samnay 2558)

gndudaanie LOD SaaaznIsle 3088zANIN
(ng/ml) NAUAU AaIALATaY
5  Bumetanide 25 93 6
6  Carenone 25 95 3
7  Chlorothiazide 25 69 9
8  Chlorthalidone 50 75 9
9  Cyclopenthiazide 25 16 14
10 Cyclothiazide 25 20 14
11 Epitizide 25 34 3
12 Eplerenone 25 89 3
13 Furosemide 25 95 5
14 Hydrochlorothiazide 25 89 11
15 Hydroflumethizide 25 90 14
16 Indapamide 25 93 3
17 Methylclothiazide 25 87 6
18 Metolazone 25 87 3
19 Polythiazide 25 96 11
20 Triamterene 25 19 10
5-‘*31203.9>2 85.00 §1£§%)>285.0 0 1.25-%120%?092285.0 0
o 40P28.9>206.10 n o |1%5528,9>205.10 V|| F289>208.10
% 3.0 " 0.75]
Tgl 0.75 -
3 20 0.50] 0.50]
1.0 0.25] 0.251
0.0 , , . 0.00 , ‘ - | 0.00 ,
40 5.0 6.0 7.0 40 5.0 6.0 7.0 40

nauI)

MW 3 @IRENMIATIANUENS furosemide TumatnUaanzaasiniwnlumsudeu
1) e NTaaNIEMUANKIMINAIY 2) MBENTFTFNIEMUANLIAINALINLSE
M) MaENUaFILYNUNNNINATIANUES furosemide

@

seauduaNMINg 3 matniisandiuuenedu (X100, X10,000, X100,000) WHANTIAU
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TasulansiHzesnaivazunaddnlnsiitnes
NNIaNIaMEANN huazaNNLNuEIge T4
snsogawslumsaniasviuasiisesazms
Tanduduald  drudesazuainIunaln
mﬁ'auﬁl,ﬁﬂmﬂm'%mﬁa%mswsﬁﬁ@hagis:mdw 3-
14 desnhievar 15 Fudunasidsanivle
[10,14]

wetdunsnagaunisldou 1§58
aanan U1 lunsnsianansesdsaeeriinges
WA TUNISUEITURSY UaLFEINITOATIANY
furosemide DENIFALAU (MWH 3) waAedeUseTam]
lunﬁﬂ'ﬁzqﬂmﬂ%’%ﬁmﬁmswﬁﬁﬁmm%umnﬂaga
il'Né’iumm‘smﬂ‘;ﬂlé”jﬁ%nﬁwﬂaauﬁgﬂﬁ’\mmﬁ
anwldlavasidnisarniaguazasd (fit-for-
purpose) 9&1M150UINAUNIUsTEN G LEFA U
Usziladanadddanandeauisailuwaun
Gial,fl!ENLﬁal%mi’lﬂ]ﬁWiﬁaﬂﬁﬁNluﬂ&iN5‘14"] LU
NYNEILUGI-UADNLNDS W3D NENBILENAANSD
faghelseianau g nnauld eraatvgn
weuluson ayulns wioomasu qld

4. 12NE1TDNDIUBLUTIANYN TN

1. Jackson EK. Diuretics. In: Brunton L, Lazo J,
Parker K, editors. Goodman and Gilman’s The
Pharmacological Basis of Therapeutics. 11th
edn. New York: McGraw-Hill; 2006. pp.
737-TT70.

2. World Anti-Doping Agency. The 2015
Prohibited  List.  International  Standard,
Montreal. 2015 (cited 2015 March 24).

Available from: https://www.wada-ama.org
/en/what-we-do/prohibited-list.

Amendola L, Colamonici C, Mazzarino M ,
Botrée F. Rapid determination of diuretics in
human urine by gas chromatography—mass
spectrometry following microwave assisted
derivatization. Analytica Chimica Acta 2003;
475: 125-136.

Trout GJ, Kazlauskas R. Sports drug testing—-
an analyst’'s perspective. Chem Soc Rev.
2004; Jan 10;33(1):1-13.

Carreras D, Imaz C, Navajas R, Garcia MA,
Rodriguez C, Rodriguez AF, Cortes R.
Comparison of derivatization procedures for
the determination of diuretics in urine by gas
chromatography-mass spectrometry. J. Chroma
togr. A 1994 Oct 14; 683(1): 195-202.
Deventer K, Van Eenoo P, Delbeke FT.
Simultaneous determination of beta-blocking
agents and diuretics in doping analysis by
liquid chromatography/mass spectrometry with
scan-to-scanpolarity switching.RapidCommun
Mass Spectrom 2005; 19(2):90-85.
Mazzarino M, Torre X, Botre F. A screening
method for the simultaneous detection of
glucocorticoids, diuretics, stimulants, anti-
oestrogens, beta-adrenergic drugs and anabolic
steroids in human urine by LC-ESI-MS/MS.
Anal Bioanal Chem 2008 Oct; 392(4): 681-
698.

Mazzarino M, Fiacco 1, Torre X, Botre F. A
mass spectrometric approach for the study of
the metabolism of clomiphene, tamoxifen and
toremifene by liquid chromatography time-of-
flight spectroscopy. Eur. J. Mass Spectrom
2008; 14(3): 171-180.

WorldAnti-Doping Agency.Minimum required
performance levels for detection and
identification of non-threshold (cited 2015
March24). Available fromhttps://www.wada-
ama.org/en/resources/sciencemedicine/td201

4-mrpl.


https://www.wada-ama.org/en/what-we-do/prohibited-list
https://www.wada-ama.org/en/what-we-do/prohibited-list
http://www.ncbi.nlm.nih.gov/pubmed/?term=Trout%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=14737504
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kazlauskas%20R%5BAuthor%5D&cauthor=true&cauthor_uid=14737504
http://www.ncbi.nlm.nih.gov/pubmed/14737504
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carreras%20D%5BAuthor%5D&cauthor=true&cauthor_uid=7952012
http://www.ncbi.nlm.nih.gov/pubmed/?term=Imaz%20C%5BAuthor%5D&cauthor=true&cauthor_uid=7952012
http://www.ncbi.nlm.nih.gov/pubmed/?term=Navajas%20R%5BAuthor%5D&cauthor=true&cauthor_uid=7952012
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garcia%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=7952012
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez%20C%5BAuthor%5D&cauthor=true&cauthor_uid=7952012
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=7952012
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cortes%20R%5BAuthor%5D&cauthor=true&cauthor_uid=7952012
http://www.ncbi.nlm.nih.gov/pubmed/?term=Deventer%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15584083
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Eenoo%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15584083
http://www.ncbi.nlm.nih.gov/pubmed/?term=Delbeke%20FT%5BAuthor%5D&cauthor=true&cauthor_uid=15584083
http://www.ncbi.nlm.nih.gov/pubmed/15584083
http://www.ncbi.nlm.nih.gov/pubmed/15584083
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mazzarino%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18704378
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20la%20Torre%20X%5BAuthor%5D&cauthor=true&cauthor_uid=18704378
http://www.ncbi.nlm.nih.gov/pubmed/?term=Botr%C3%A8%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18704378
http://www.ncbi.nlm.nih.gov/pubmed/18704378
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mazzarino%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18708697
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fiacco%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18708697
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20la%20Torre%20X%5BAuthor%5D&cauthor=true&cauthor_uid=18708697
http://www.ncbi.nlm.nih.gov/pubmed/?term=Botr%C3%A8%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18708697

62 | NIIMINaNNUYsEIgNUITe (Un 2 Samnay 2558)

10.

11.

12.

Committee for medical products for human use
European medicines agency science medicines
health. Guideline on bioanalytical method
validation. London; 21 July 2011.

World Anti-Doping Agency. 2013 Laboratory
Report Anti-Doping Testing Figures. 2013
(cited 2015 March 24). Available from:
https://www.wada-ama.org/en/resources/
laboratories /201 3 -anti-doping-testing—
figures-laboratory-report.

Bogusz MJ, Hassan H, Al-Enazi E, Ibrahim
Z, Al-Tufail M. Application of LC-ESI-MS-
MS for detection of synthetic adulterants in
herbal remedies. J Pharm Biomed Anal 2006
May 3; 41(2): 554-564.

13.

14.

Catrin G, Graham T, Rymantas K . Rapid

screening method for diuretics in doping
control using automated solid phase extraction
and liquid chromatography -electrospray
tandem mass spectrometry. Analytica Chimica
Acta 2004 January 23; 502 (1): 65-74.

Jimenez C, Ventura R, SeguraJ. Validation of
qualitative chromatographic methods: strategy
in antidoping control laboratories. Journal of
Chromatography B 2002 February 15; 767

(2): 341-351.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Bogusz%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=16427237
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hassan%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16427237
http://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Enazi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16427237
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ibrahim%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=16427237
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ibrahim%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=16427237
http://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Tufail%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16427237
http://www.ncbi.nlm.nih.gov/pubmed/16427237
http://www.sciencedirect.com/science/article/pii/S0003267003013060
http://www.sciencedirect.com/science/article/pii/S1570023201005931
http://www.sciencedirect.com/science/article/pii/S1570023201005931
http://www.sciencedirect.com/science/article/pii/S1570023201005931
http://www.sciencedirect.com/science/article/pii/S1570023201005931
http://www.sciencedirect.com/science/article/pii/S1570023201005931
http://www.sciencedirect.com/science/article/pii/S1570023201005931
http://www.sciencedirect.com/science/article/pii/S1570023201005931
http://www.sciencedirect.com/science/article/pii/S1570023201005931
http://www.sciencedirect.com/science/article/pii/S1570023201005931
http://www.sciencedirect.com/science/article/pii/S1570023201005931
http://www.sciencedirect.com/science/journal/00032670/502/1
http://www.sciencedirect.com/science/article/pii/S1570023201005931
http://www.sciencedirect.com/science/article/pii/S1570023201005931
http://www.sciencedirect.com/science/journal/15700232
http://www.sciencedirect.com/science/journal/15700232
http://www.sciencedirect.com/science/journal/15700232/767/2
http://www.sciencedirect.com/science/journal/15700232/767/2

