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—— LC-HRMS dans l'antidopage

« Est-il permis d'utiliser la spectrométrie de masse a haute résolution dans
I'analyse antidopage?

- La spectrométrie de masse a haute résolution est-elle couramment
utilisée dans I'analyse antidopage ?

 Pour quelles applications la spectrométrie de masse a haute résolution
est-elle utilisée dans I’analyse antidopage ?

« La spectrométrie de masse a haute résolution a-t-elle compléetement
remplacé les instruments a triple quadripole ?



—— Les laboratoires accreédités par ’AMA
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— Les regles de ’AMA pour Iutilisation de la spectrométrie de masse
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— Les regles de ’AMA pour Iutilisation de la spectrométrie de masse

WORLD ANTI-DOPING CODE

LABORATORIES

swada

WADA Technical Document — TD2023IDCR

number: | TD2023IDCR Version number: 14
Written by: WADA Science / IDCR Working Group
Approved by: WADA Executive Committee
Reviewed by: y Expert Group
Date: 14 Febmuy 2023 Effective date: 14 February 2023

MINIMUM CRITERIA FOR CHROMATOGRAPHIC—MASS

presence a ' ated by
ummmmm(u |mogranon subtmcbon averaging, otc)shalbepodomed
consistently across the analytical batch.

Depending on the Analytical Method, the concentration of the Analyte may need to be comparable (i.e.,
signal of the Analyte within one order of magnitude) in the Sample and the Reference Specimen to ensure
identification of the Analyte.
The following identification criteria shall be applied:

= Each measured mass used for identification shall be within + 0.5 Da of the corresponding mass

same acq analyzed in the same
analytical batch;

=  When using si MS, at least three (3 lonsshalbo ired;

2 acqui
nonshdlnotbomomman(S)m1 3, unlossrequndbyumdewiarmmandmargemh
= The Signal-to-Noise (S/N) ratio of all Diagnostic lons shall be greater than (>) three to one (3:1);

= The abundance of Diagnostic lons shall be determined from the peak area or height in the
integrated selected ion chromatograms. This is also applicable when Scan technique only is
used for identification;

= The most abundant Diagnostic lon acquired from a Reference Specimen is the Reference
Diagnostic lon, whkﬂmshdlbeapphedbﬂncdwhﬁonofmm The same ion shall be applied
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—— LC-HRMS dans l'antidopage

« Est-il permis d'utiliser la spectrométrie de masse a haute résolution dans
I'analyse antidopage?

- La spectrométrie de masse a haute résolution est-elle couramment
utilisée dans I'analyse antidopage ?

 Pour quelles applications la spectrométrie de masse a haute résolution
est-elle utilisée dans I’analyse antidopage ?

« La spectrométrie de masse a haute résolution a-t-elle compléetement
remplacé les instruments a triple quadripole ?



__Screening ou confirmation: quelle est

la charge majeure pour un laboratoire?

e Tous les
échantillons

« (20000/an au LAD)
Initial testing procedure (ITP)

Echantillons
négatives Screening
Echantillons suspects
- - = o
Statistiques 2022 - AMA (1-2% du total)
Total
Sport Analyzed AAFs' (%) ATFs? (%)  Findings® (%) Confirmatory procedure (CP)
Olympic Sports ¢ 218774 1222 056% 316  014% 1538  0.70%
Non-Olympic Sports 5 37,995 764  201% 78  021% 842 2.22% Méthodes de confirmation
TOTAL 256,769 1,986 0.77% 394 0.15% 2,380



—— Evolution des techniques GC et LC dans I'antidopage
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2004 - la LC devient un équipement standard dans les laboratoires

Available online at www.sciencedirect.com
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www.elsevier.com/locate/aca

Analytica Chimica Acta 573-574 (2006) 242-249

Doping control analysis in human urine by liquid lonisation difficile
chromatography—electrospray ionization ion trap mass spectrometry en GC-MS
for the Olympic Games Athens 2004: Determination offcorticosteroids
and quantification offephedrines, salbutamol and morphine

i

M.-H. Spyridaki?, P. Kiousi®, A. Vonaparti®, P. Valavani?®, V. Zonaras®, M. Zahariou?,
ATHENS 2004 E. Sianos?, G. Tsouprasb, C. Georgakopoulos **
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f' ﬁ\“‘ “ ® Agilent Technologies Europe B.V., Meyrin Branch, 39 rue de Veyrot, Meyrin 1, Geneva CH 1217, Switzerland

o f;‘h' Received 30 November 2005: received in revised form 17 April 2006; accepted 20 April 2006

-
Available online 27 April 2006 po I a I res

Substances

Abstract

A new liquid chromatography-electrospray ionization-mass spectrometry (LC-ESI-MS) (n) ion trap method for the determination of corti-
costeroids in urine has been developed and validated. Some anabolic agents, such as epitrenbolone, trenbolone, 2-hydroxymethylformebolone,
tetrahydrogestrinone, gestrinone and formoterol were included in the LC-ESI-MS method. Matrix interference, specificity, identification capabil-
ity, carry over and robustness were estimated as validation parameters. Recoveries ranged from 74 to 113% at the minimum required performance
limit (MRPL), which is 30ngmL~" for corticosteroids and 10ng mL~" for anabolic agents. Methods for the confirmation and quantification of
norpseudoephedrine, ephedrine, methylephedrine, salbutamol, morphine and morphine glucuronide were also developed and validated and in order
to minimize analysis time, direct urine injection was used. These methods proved to be specific, accurate and precise across a calibration range
for each substance since matrix interference, specificity, carry over, within and between run precision, limit of detection, limit of quantification,
intermediate precision and uncertainty were estimated.

© 2006 Elsevier B.V. All rights reserved.

Kevwords: Liquid chromatography-electrospray ionization ion trap mass spectrometry: Antidoping: Corticosteroids: Ephedrines: Salbutamol; Morphine



— 2008 - la MS a haute-résolution fait ses débuts dans I'antidopage

JOURNAL OF MASS SPECTROMETRY

. Mass Spectrom. 2008; 43: 949-957
ublished online 19 June 2008 in Wiley InterScience J M S
(www.interscience.wiley.com) DOI: 10.1002/jms.1447

Introduction of HPLC/orbitrap mass spectrometry as
screening method for doping control

E. D. Virus,* T. G. Sobolevsky and G. M. Rodchenkov

Moscow Antidoping Center, Elizavetynsky10, 105005, Moscow, Russia

Received 10 April 2008; Accepted 10 May 2008

A new doping control screening method has been developed, for the analysis of doping agents in human
urine, using HPLC/orbitrap with in-source collision-induced dissociation_and atmospheric pressure
chemical ionization. The developed method allows the detection of including agents
with antiestrogenic activity, B, agonists, exogenous anabolic steroids, and other anabolic agents. The mass
accuracy of this method is better at 2 ppm using an external reference. The detection limit for all compounds
tested was better than 100 pg/ml. The recoveries of most analytes were above 70%. The measured median
repeatability values for doping agents included in the method at concentrations of 1 and 10 ng/ml were 21
and 17%, respectively. The relative standard deviation (RSD) of the intraday precision (1 = 6) ranged from
RSD = 16-22%, whereas the interday precision (n = 18), ranged from RSD = 17-26%, depending on the
solute concentration investigated. Copyright © 2008 John Wiley & Sons, Ltd.
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CONCLUSIONS

A new doping control screening method has been developed, for the

urine, using HPLC/orbitrap with in-source collision-induced dissc Although the sensitivity_is similar for the HPLC/MS/MS

ch.emical_ ionizatit_)n. The developet-:l method allows the _detectit_)n ¢ and HPLC/HRMS techniques, the latter technique has
with antiestrogenic activity, B, agonists, exogenous anabolic steroids,

accuracy of this method is better at 2 ppm using an external reference. T the advantage of acquiring full scan MS spectra with a
tested was better than 100 pg/ml. The recoveries of most analytes wer very gOOd sensitivity. The pmposed method also matches

repeatability values for doping agents included in the method at conc - - : P
and 17%, respectively. The relative standard deviation (RSD) of the in the basic requirements of all methods u to analy ze

RSD = 16-22%, whereas the interday precision (n = 18), ranged fror drugs or metabolites in an antidoping laboratory, i.e. the
solute concentration investigated. Copyright © 2008 John Wiley & So1 sensitivity, selectivity, speciﬁcity, and speed of analysis. In
conclusion, this system is sufficiently robust to carry out

200 analyses without routine maintenance. More than 1500
? lyses have been carried out using this instrument. We




— Screening par LC-HRMS - avantages

« Acquisition full scan : la méthode d’acquisition devient “untargeted”

- Acquisition de données brutes sans necessité d'une connaissance prealable
des composeés cibles

- La sélection des analytes se fait au moment du traitement des données

—

Il est tres simple d'ajouter des nouveaux Analyse rétrospective
composes a la methode (traitement des données précédemment
(aucune modification de la méthode acquises pour rechercher de nouveaux
d’acquisition) COMpPOSES)




— Full scan - trop de pics dans le TIC...

Total ion chromatogram (TIC)
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Acquisition : full scan

Exemple: Analyse du stanozolol
m/z : 329.2587, RT: 7.02 min



— Screening par LC-HRMS

Total ion chromatogram (TIC)
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— Screening par LC-HRMS

Extracted ion chromatogram (XIC)
m/z range + 0.5 Da (328.7587 — 329.7587)

m/z du stanozolol
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— Screening par LC-HRMS

Extracted ion chromatogram (XIC)
m/z range + 1000 ppm (328.9294 — 329.5880)
m/z du stanozolol
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— Screening par LC-HRMS

Extracted ion chromatogram (XIC)
m/z range = 100 ppm (329.2258 — 329.2916)
m/z du stanozolol
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— Screening par LC-HRMS

Extracted ion chromatogram (XIC)
m/z range = 10 ppm (329.2554 — 329.2620)
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— Screening par LC-HRMS

Extracted ion chromatogram (XIC)

m/z range = 10 ppm (329.2554 — 329.2620)
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—— Evolution des techniques GC et LC dans I'antidopage
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2012-2016 — HRMS - «comprehensive screening»

QR
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Journal of Chromatography A, 1288 (2013) 82-95

=

Contents lists available at SciVerse ScienceDirect

1 } Journal of Chromatography A

journal homepage: www.elsevier.com/locate/chroma

Use of ultra-high pressure liquid c1_1romatugraphy coupled to high »\!)L.Mm
resolution mass spectrometry for fast screening in high throughput
doping control

Alessandro Musenga, David A. Cowan*

Drug Control Centre, King’s College London, London SET 9NH, UK

HRMS (Thermo Exactive)
. Hydrolyse enzymatique
. SPE MCX, 60mg
2> = UPLC (10 min)
. Full scan (+/-) et AIF

Les petits peptides ne sont pas inclus

RESEARCH ARTICLE

Received: 12 November 2017 I Revised: 3 January 2018 Accepted: 26 February 2018

DOI: 10.1002/jms. 4077

WILEY ¥ momemy

Comprehensive analysis by liquid chromatography Q-Orbitrap
mass spectrometry: Fast screening of peptides and organic
molecules

V. F. Sardela’ @ | M. E. P. Martucci® | A. L. D. de Aradjo’ | E. C. Leal’ | D.S. Oliveira® |
G.R. A. Carneiro® | K. Deventer? | P. Van Eenoo? | H. M. G. Pereira® | F. R. Aquino Neto®

HRMS (Thermo Q-Exactive)
Hydrolyse enzymatique
SPE MCX, 60 mg

Ajout d’une aliquote d’échantillon
supplémentaire (10 pL) apres extraction pour
pour obtenir I'analyse des composés qui ne
sont pas extraits

UPLC (10 min)
Full scan (+/-) et AIF + Full-MS/MS?



— Screening par LC-HRMS

Extraction
SPE
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— Screening par LC-HRMS - full scan

Est-ce que la résolution
(et la séparation chromatographique) est utile pour les petites molécules?



— Screening par LC-HRMS - full scan

Est-ce que la résolution (et la séparation chromatographique) est utile
pour les petites molécules?

Chromatogramme
XIC a m/z 345.2537 = 5 ppm

Spectre de masse a
6.9 min

Acquisition a 17,500 FWHM
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— Screening par LC-HRMS - full scan

Est-ce que la résolution (et la séparation chromatographique) est utile
pour les petites molécules?

Acquisition a 35,000 FWHM
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— Screening par LC-HRMS - full scan

Est-ce que la résolution (et la séparation chromatographique) est utile
pour les petites molécules?

Acquisition a 70,000 FWHM
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— Screening par LC-HRMS - full scan

Est-ce que la haute résolution est utile pour les petits peptides et les
composés multichargées?



— LC-HRMS - détection de peptides

GHRP-1 : Ala-His-(D-B-Nal)-Ala-Trp-(D-Phe)-Lys-NH2
MW: 955.1 g/mol
m/z = 319.1694

[M+3H]3*

Urine 3

240314_Unegd COO09 240314 _Unegd COO010
0 RT (min}: 239 rea 2 09 RT [min}: 237

Urine 1 Urine 2

2403 14_U32_UCS_100_CO08S U3_UC3_100_C0066 240314_U4_UC3_100_CO067

BT [min): 2.46 | re rea: 2 116+0l  RT (min): 2.46 |

23

EBvI &



— LC-HRMS - détection de peptides

GHRP-1 : Ala-His-(D-3-Nal)-Ala-Trp-(D-Phe)-Lys-NH2
MW: 955.1 g/mol
m/z = 319.1694

[M+3H]3*

319.1690

100
L [)
Urine 1 Urine 2 =
@
.}
40314_Uinegl_CO007 140314_Unegl_CO008 200314
RT (min}. 2.29 1 Aren: 3 A1EH RT {min}- 2.39 1 Ares: 1 36Es RTimf T & 287E+04
. 319.5033 e
AT 1MTH 5 O
14
N& i i ].- 1 0.33
egatives | ~ A
g }ll om1 = D1 e
s L J[t 10m " 10 =
:-r'ﬂr : T — g T ¥ + + e 0 I R M L LAl LA A L L) L L0 e At A B et
3% 3y 2 am 28 3 13 34 28 0 28 2 0 3182 3184 3186 a8 3190 392 3194
240314_U1_UC3_100_CO064 240314_U2_UC3_100_CO0ES 2403 Lys
AT (min): 2.84 | Ares: 1 70640 BT [min) 248 T Ares. 2506+ Tim imgjguz_ug_goﬁ_@ﬁﬂwmam AV:3 NL 95
X i +p s J00D-
e 318, 22871 3 19. 1684
BT 1 eaes aT 1 s 3
G H RI '1 / o= 0] -
i - o
- ]
[ 3= =1 e
2 ng/mL - =
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® 0]
z 1 3e1mm
£
R 31923113
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— LC-HRMS - détection de peptides

m/z=319.1694  mj/z = 319.5039
[M+3H]P* ——  [M+3H]?*
13C

GHRP-1 : (Ala-His-(D-B-Nal)-Ala-Trp-(D-Phe)-Lys-NH2)

Urine 5




— Analyse de I'lGF-1 — bottom up

IGF-1

Deux approches analytiques

70 acides aminés, mw 7.6 kDa

Top down
(Analyse de I'|GF-1 intact)

« Composé endogéne

« Stimule la synthése des protéines et
inhibe la dégradation protéique

« Utilisée comme agente dopante pour
stimuler 'anabolisme musculaire

* Monitoré dans le cadre du passeport
endocrinien comme biomarqueur de
la prise de 'hormone de la croissance

Bottom-up
(Digestion triptyque suivie de I'analyse de I'un
ou des deux peptides obtenus (T1-T2))




— Analyse de I'lGF-1 — bottom-up — étude inter laboratoire

Clinical C istry 60:3 Proteomics and Protein Markers
541-54QQ014) D ¢

Interlaboratory Agreement of Insulin-like Growth Factor 1
Concentrations Measured by Mass Spectrometry

Holly D. Cox,’ Filipe Lopes,? Getachew A. Woldemariam,? Jessica O. Becker,* Mark C. Parkin,?
Andreas Thomas,®> Anthony W. Butch,® David A. Cowan,? Mario Thevis,® Larry D. Bowers,®
and Andrew N. Hoofnagle®”




— Analyse de I'lGF-1 — bottom-up — étude inter laboratoire

Clinical Chemjstry 60:3
541-5482014) )

Proteomics and Protein Markers

Interlaboratorv Agreement of Insulin-like Growth Factor 1

Co Supplemental Data Table 1. Comparison of LC-MS/MS Platforms
Laboratory | A l B | C D | E
HZII{’D. Mass S er and Conditions
NArey  ['instrument ABI QTOF 5600 Waters Micromass AB Sciex QTRAP Agilent 6490 QQQ | AB Sciex
Quattro Premier 5500 QTRAP 4000
Interface DuoSpray lon Source | Nano ESI Turbo ion-spray Jet Stream ESI Turbo ion-spray
(New Objective)
Capillary 5.5 kV 3.30 kV 5.5kV 3kV 5.5kV
80 V (declustering 32V
Bottom-up Dzl potential) (cone voltage) - el -
. Gas 1 (Nz) 50 psi . i . )
Nebulizing gas Gas 2 (N2) 70 psi 50 psi 20 psi 50 psi
Sheath or N2 25 psi . . ;
curtain gas — 40 psi 11 Umin 20 psi
500°C 85° ° o -
Temperature (heater gas) (Source) 400°C 250°C
Drying gas --- - 50 psi 14 UUmin 50 psi
Temperature s == ) --- 200°C 250°C




— Analyse de I'lGF-1 — top-down — étude inter laboratoire

Clinical pelyy 66:4 Proteomics and Protein Markers
579-5 <

Inter-Laboratory Agreement of Insulin-like Growth
Factor 1 Concentrations Measured Intact by Mass
Spectrometry

Danielle Moncrieffe,”®* Holly D. Cox,® Samantha Carletta,” Jessica O. Becker,® Andreas Thomas,’
Daniel Eichner,® Brian Ahrens,‘j Mario Thevis,' Larry D. Bowers,? David A. Cc»wan,b and
Andrew N. Hoofnagle®*




— Analyse de I'lGF-1 — top-down — étude inter laboratoire

Clinical walyy 66:4
579-5 <

Proteomics and Protein Markers

Inter-Laboratory Agreement of Insulin-like Growth
Factor 1 Concentrations Measured Intact by Mass

Danielle Moncrieffe, Holly D.
Daniel Eichner, Brian Ahre:

Spectrometry

Digest LC-MS instrument conditions

Bottom-up

Top down

Laboratory A B C D E
Mass spectrometer and Conditions
Instrument ermo Q-Exactive HFX Sciex 5500 TripleQuad bermo Q-Exactive Plus Iiciex 6500+ Xevo TQS-micro QQQ
lon Source mode HESI (positive) ESI (positive) ESI (positive) ESI (positive) ESI (positive)
Capillary 4kv 5.5kv 3.5kV 425kvV 1kv
See declustering potential, DP with
50 (S-lens RF level) 5 . OREESRIE U
Cone MRMs below) 35V
Cone Gas Flow aux gas 10 Curtain gas 35 aux gas 10 35 0 L/hour
Desolvation Gas Flow sheath gas 30 GS1: 50, GS2: 50 sheath gas 50 GS1: 45, GS2: 45 1000 L/hour
Source temperature 550 °C 450 °C 350°C 475°C 150°C
Intact LC-MS instrument conditions
Laboratory A B C D E
Mass spectrometer and Conditions

Thermo Q-Exactive HFX Therme QE Plus Thermo Q-Exactive Plus Sciex 6500+ )
Instrument Xevo TQS-micro QQQ
lon Source mode HESI (positive) ESI (positive) ESI (positive) ESI (positive) ESI (positive)
Capillary 4kv 4kv 35kv 5 kv 1kv

. al :

50 (S-ens RF level) : i (See declustering potential, DP with
Cone MRMs below) 30V
Cone Gas Flow aux gas 10 aux gas 30 aux gas 10 40 0 L/hour
Desolvation Gas Flow sheath gas 30 sheath gas 50 sheath gas 50 GS1: 50 GS2: 50 1000 L/hour
Source temperature 550 °C 370°C 350 °C 600 °C 500 °C




— Quantification de I'lGF-1 intact au LAD: LC-HRMS (SIM)

Protein precipitation
(acetonitrile with acid)

Drying and reconstitution with
aqueous solvent for LC-MS

=] =

Separation of the
supernatant

e

Relative Abundance

RT:357
VA 1650096
LOQ = 25 ng/mL
Linéarité:
25-1000 ng/mL
-;31;73,37 2 3% 4('5 42043 449

—
LI ilI|III|III|IEI|III|IiI]

36 38 40 42 44 46
Time (min)

30

25

20

15

Area Ratio

1.0

05

<
=)

IGF-1
Y =-0.00373263+0.00299762°X RM2=09937 W 1

o

T T
400 500 300




— HRMS: targeted ou untargeted?

MS/MS (triple quadripole)

de la méthode
d’acquisition MS

0%°%0
-—v | € b"{@\ Création du rapport
— =x\% analytique
— 5 \ . (chromatogrammes)
- ," Data
processing
Analyse
% LC-MS/MS
L

CreatlonJ

MS a haute résolution

Eama

= Création du rapport

analytique
(chromatogrammes) |
LISTE DES
INTERDICTIONS Data
processing

Analyse
LC-HRMS

(o]

—

\ &
(@) b —
Création

de la méthode
L d’acquisition MS




Investigation sur I’adultération des échantillons
Echantillon urinaire analysé avec les méthodes de screening de routine

- Profile stéroidien non mesurable (GC-MS)

- Absence du cortisol et cortisone (LC-MS)

|

Analyse supplémentaire pour le recherche de markers urinaires

Analyse LC-MS/MS (triple quadrupdle)

pour la recherche de markers urinaires typiques
- urée
- acide urique
- urobiline
- créatinine
- phénylalanine
- tryptophane
- phenylacetylglutamine
- 3-methylhistidine



Recherche de markers urinaires — LC-MS/MS

Urine négative Echantillon suspect

Creatinune Phenylalanme
L nag 31 129 F2 A of 4 charvwiy E5 e Uirra vl o T8 3 AERS of & o £S5
an 1168 =+ B 00 3 q pO 100 e 120000

Creatining Phenylaly
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z\ f 1
\ l.-//-/ I".
— . —
95: (-3 ] ] - - ke - -] 1320 2500 1 6 ™ :
1-mttd L histichine Triptophan P erylac sty ighutarmine Y mativ L-histdine Triptoohan é Phetmdacetylgiutamans
e reg & 1n FAMR of d charean ESe  Lrew cegdl 03 FRMEM o 4 charveie BSe  Urve reg 10 PAASRS of 4 chareen e e @) PR of d hawan E3r Lo bl at® minEls rvm Satd  FRARN o & vy B30
L TR ana 2 Coe | oy S D e DDA 176080 = @0 1D A = 180 a8 ) » 1880
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UHPLC-MS/MS
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100 pL urine
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— Analyse HRMS full scan — «profil» de I’échantillon

g: Base peak (+) e
i
E 30

Urine négative - Aﬁkﬁ%m UHPLC-HRMS
2: Base peak (-) = Full scan, ESI (+/-)
g C18 CSH
. r e « « profil » difféerent
é: Base peak (+) - absence de pics principaux
g e . . M
a des échantillons urinaires

Echantillon suspect - e ] o _
o s  présence de trois pics qui
. ) sont normalement absents
. Base peak (-) ou plus faibles dans les
2 autres échantillons

? DDD o ‘1‘,0‘ ! 1‘5 [+] 25 215 ‘4‘[; ! 4‘,5 ! IE:O j Elﬁl ! 6‘0 615‘ IT‘,O‘ 7!5 ! ‘5‘0 B‘S ! S‘D ISIS‘ 1('10 u ri n ai res




—— Analyse LC-HRMS - identification des substances

==z Mz 295.1286

- FTVE+ r 0621 fo_ghd4ER434 AT 173178 ALS NC AT
® * A i) R T PTG+ pESl Full s 100, 0000-10000000]
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e o
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] © miz .
3 L 3 ™ C fl-
= ] =
< @] Za a elne
Tk :
T 3
: o E
& T @
o =
= 3 x5
E TA005754
e Cs He ONe o 1300972
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Sl bl l
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—— Analyse LC-HRMS - identification des substances

m/z 295.1286

EE21_fo_gD4#19521
T FTVE+pES Full s 1

Aspartame

2Z61B5
CisHe O e

0621 fo_gh4ED4 B4 RT. 170178 ALS N 8T
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15608754
Ca Hi Cahl

mwalm AQE NOZ7E |

K)DE
=k m
o] o
: ™ g ® L'aspartame est complétement métabolisé et
2 o] @ oy, o
2 o} E n'est pas excrété dans l'urine
£ < 250622 for GTI3 578593 RT. 165159 AV.2 ML 356E7
B 100 ' 2 gnoms Biological fate of low-calorie sweeteners.
I Cs Hiz Ohe
i Bl ‘O" % Magnuson BA et al.
T P (ASPIRY ATTUOPRION U B ad Nutr Rev. 2016 Nov;74(11):670-689.
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— Analyse LC-HRMS - identification d’adultération d’urine

Echantillon suspect

Base peak (+)

NL: 1.01E9
Base Peak F FTHIS +

Full ms [100.0000-1000.0000]
WS Avalon 250521 for_GT04.

Base peak (-)

NL: 2.01E9
Base Peak F: FTWIS - pESI
Full ms [100.0000-1000.0000]
MS Avalon 250521 for_GT04

m/z acesulfame K

m/z caffeine

NL: 1.00E9
miz= 105.03541-195.08031 F
FTHS +p ESI Full ms
[100.0000-1000.0000) WS
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5 RT-157 RT17
0
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2
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8
2
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2
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B

e
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—— LC-HRMS dans l'antidopage

* Est-il permis d'utiliser la spectrométrie de masse a haute résolution dans l'analyse
antidopage?

 La spectrométrie de masse a haute résolution est-elle couramment utilisée dans
I’analyse antidopage ?

* Pour quelles applications la spectrométrie de masse a haute résolution est-elle
utilisée dans lI'analyse antidopage ?

 La spectrométrie de masse a haute résolution a-t-elle completement remplacé les
instruments a triple quadripoéle ?



—— Evolution des techniques GC et LC dans I'antidopage

GC-NPD I >
GC-MS I >
HPLC I >
LC-MS I >
GC-C-IRMS >
LC-MS/MS | >
LC-HRMS I >
11972-1976 [-{ 1984 (-1 1988-1992 -1 1994-1998 -1 2004-2008 [--1 2012 |--------- 2016 |----- 2020-2024
LC-MS GC-C-IRMS LNt LCHRIMS LC-HRMS
Glucocorticoides, Stéroides LC-MS/MS LC-MS/MS LC-MS/MS | 24 | c.ms/ms
diurétiques endogénes ”Comprehensive Scree.ning (DBS, IGF-1)
screening” (peptides) !
g R "
h EONDECN: < u
@ ngﬂaﬂs) N{In ATHEstooQ—? 20 @&22%‘6 TOKY0 202 Pﬂ?_;agﬂ
Montréal 1976 ' Byying 2002 QOO

Atlanta 199 OOOO OQ@

¥



— MS et HRMS a Tokyo 2020

Received: 20 September 2022 | Accepted: 1 October 2022

Do 10 002/da 3001 2.10.16 | High-resolution full scan for future
SPECIAL ISSUE - PERSPECTIVE WILEY investigations using data retrospective data analysis

Doping control analyses during the Tokyo 2020 Olympic and

. For the Olympics, full-scarf data from high-resolution mass spectrome-
Paralympic Games . ' . .
TOKY0 2020 ters were obtained out off24-h TAT reporting to find traces of doping
Mamtylamo® | daltdeliy | idtaiioSan | Taeshiinod | OQ@ substances that afe not furrently being analyzed in the retrospective
Shinji Kageyama | Kentaro Akivama | ArisaAoi | Asami Miyamoto | o . 1 i
Atsushi Momobayashi | MasanoriOta | MiholIshige | HikaruSakurai | digital data procepsing. JAll ITP-1a samples were analyzed using LC-
Sho Shiomura | Mitsuha Takemine | Yuma Watanabe | Tomohisa Hikota HRMS (Table 2af but th a runtime twice as |0ng as that of ITP-1a

=, 16 min). Thefull-sgan experiments were conducted with a resolu-
TABLE 1 Instumental listequipped at the Tokyo 2020 Games laboratory

Back up power

Analytical instrument Number supply Screening petits composés |
LC-MS Acquity UPLC -Class PLUS and M-Class 17 9 - " .

Xevo-TQ-XS micro flow (11) Screening petits peptides (GHRP)

(Waters)

Confirmations
UltiMate 3000 RSLC and RSLCnano UHPLC/Q 9 3
Bactive Plus capillary flow (5) I Insulines et «large peptides»

(Thermo Fisher Sdentific)
GC-MS GC-2030/ GCMS-TQB050 NX 12 4 : :

(Shimadzu) Screening des agents anabolisants

Trace 1310 GC/Q Bact 2 2 Confirmations

(Thermo Fisher Sdentific)




— MS et HRMS a Paris 2024

I'} IEN TFlthleg Categories AboutUs Contact

Accelerating Science  AnalyteGuru  Clinical Research and Toxicology

Inside Laboratoire Anti-Dopage Frangais (LADF): An Interview with Director Dr. Magnus Ericsson

Inside Laboratoire Anti-Dopage Francgais (LADF): An
Interview with Director Dr. Magnus Ericsson

At the forefront of global anti-doping efforts, the Laboratoire Anti-Dopage Frangais (LADF) plays a critical
role in ensuring fair play and integrity in elite sports. We spoke with Dr. Magnus Ericsson, Director of LADF
and a leading expert in analytical chemistry, to explore how the lab detects banned substances, manages
high-throughput workflows, and leverages advanced Thermo Fisher Scientific technologies to stay ahead of
constantly evolving challenges in anti-doping science.

Screening

GC-MS/MS UHPLC-HRMS

https://www.thermofisher.com/blog/analyteguru/inside-laboratoire-anti-dopage-francais-ladf-an-interview-with-director-dr-magnus-ericsson/



—— Meéthodes de screening chromatographique au LAD

Préparation
des
échantillons

Analyse

#

et exogenes

Hydrolyse
enzymatique
LLE TBME

Dérivatisation

L
T 13

GC-MS
GC-MS/MS

Stéroides endogénes Composés conjugués,

petits peptides

Hydrolyse
enzymatique
SPE WCX

UHPLC-HRMS
(Full scan + PRM)
C18 CSH
ESI (+)

Stimulants,

diurétiques, etc.

Dilution

UHPLC-MS/MS
BEH C18
ESI (+/-)

Sang
Sérum DBS
IGF-1 Stéroides endogénes et Stéroides exogenes,
exogenes, esters composeés divers,

esters

Precipitation SLE Extraction
des proteines | avec MeOH
I
(Dérivatisation (Dérivatisation
pour les esters) pour les esters)

UHPLC-HRMS UHPLC-MS/MS UHPLC-MS/MS UHPLC-HRMS

(SIM) BEH C18 BEH C18 (PRM)
C18 CSH ESI (+) ESI (+/-) BEH C18
ESI (+) ESI (+)



—— LC-HRMS dans l'antidopage

» Est-il permis d'utiliser la spectrométrie de masse a haute résolution dans I'analyse antidopage?
Oui, il n’y a pas des régles spécifiques et chaque laboratoire peut choisir entre MS et HRMS

 La spectrométrie de masse a haute résolution est-elle couramment utilisée dans I'analyse
antidopage ?

Oui, depuis 2010-2012, les laboratoires ont commencé a inclure la HRMS dans leur
portefeuille et elle est aujourd’hui couramment utilisée dans I’anti-dopage

* Pour quelles applications la spectrométrie de masse a haute résolution est-elle utilisée dans
I’analyse antidopage ?

Surtout pour le screening et pour les grosses molécules, mais chaque laboratoire utilise
la HRMS ou la MS en fonction de ses préférences et de ses choix analytiques

 La spectrométrie de masse a haute résolution a-t-elle completement remplacé les instruments a
triple quadripéle ?

#

Non, les deux techniques sont toujours utilisées
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