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1. Introduction Where the current methods are challenged...

Dir81/602/EC
Dir 88/299/EC

Dir 88/146/EC

Member States shall prohibit:
(a) the admunistering to a farm or aquaculture animal, Dil‘ 95/22/EC

. »

7 = ‘ by any means whatsoever, of substances having a
: ")‘Fg"{ thyrostatic, oestrogenic, androgenic or gestagenic ** * **
R4 11 » 1 - 1Sts:

g’.‘ >, '7 N action and of beta-agonists; e o’

..., : I Dir 2003/74/EC

\ O

‘ Dir 2008/97/EC

fi

«

Natural hormones @

Major difficulties to screen for the illegal use
of natural hormones

DESIGNER
Designerarugs N 1

One only searches for the known... &...
One only finds what is searched

i Anti-Dopiry f%,

' Gene Doping

Low doses cocktails Gene doping [

Same or superior effect (additional, synergetic) Undetectable by
But residues individually non detectable classical analytical strategies 2
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COMPOUND based approaches

Targeted approaches on a limited number

of known chemical hazards

Avadable online at www. sclencedinect com
“.* ScienceDirect

Analytaca Chimica Acta S84 (07

Existing and emerging options to tackle these challenges

EFFECT based approaches
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1. Introduction The metabolome: a high resolution picture may reveal some differences

Comparison of signal abundances in 2 (or more) groups of samples

»
»
»

Abundance
Abundance

Statistical criteria F (ANOVA) or t (student test) associated to a statistical confidence level (p-value)
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1. Introduction Use of markers for predicting animal appurtenance to a group

SAMPLE from SAMPLE from SAMPLE from SAMPLE from
ANIMAL 1 ANIMAL 2 ANIMAL 3 ANIMAL 4

TREATED ANIMAL

BIOMARKERS QUANTITATION

1 1
\% i

SAMPLE STATUS ?l l l

SUSPECT COMPLIANT,

REFERENCE
BIOMARKERS’
PROFILE

!
-
N
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FIRST OBSERVATIONS

WHICH
METABOLOME?

CHIMIOMETRY \ CHEMICAL

STRUCTURE MEANINGS VALIDATION MONITORING
control K@X Untargeted, adult bovines, kidney, steroids

Observation of the data, group separation

Revalor © implants
n=5

(140 mg trenbolone acetate + 24 mg estradiol)
OPLS performed on metabolic fingerprints recorded on kidney samples collected at D90 - hexane extract
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birown fur =

207
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-101
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207
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Axis = Equation involving different biomarkers explait[rflnping the difference (variability) between the groups,




FIRST \}\\ \ BIOLOGICAL ANALYTICAL MARKERS’

Sample preparation directly impacts
the dimension and the nature of the fingerprinting

Liquid matrices Solid matrices

< X _ o . e e

- 80°C
T
Plasma/Serum Urine Muscle Kidney fat
Normalization Lyophilization
Connective role l Secretary fluids. Liquid/Solid Extraction
High dynamic [] range (>10°). Fijtrati Extreme dynamic [ ] range (>10™). W ER Wh
iltration ! I N
100’s of molecules < 1KDa and >1KDa. Thousands of molecules < 1KDa. : Y. —_— ke
Many large proteins. Many small proteins '

High enzyme activities.

CH,OH/Water CH,CN DCM
CH;0H Acetone Hexane

10kD cut-off + POLARITY - 12
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MEANINGS VALIDATION MONITORING
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Consequences on the characterized metabolome
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Does the mass spectrometers define the biomarker(s)? Gika et al. Anal Chem (2010) 82(19): 8226-8234.

Bovine treated with Revalor-XS implant
200 mg TbAc + 40 mg E2

N=32 / sampling day
(16 control, 16 treated animals)

Filtration at 10 Kda
Normalization at 1.013

SYNAPT (gror Haoms)
ESI+, m/z 65-1000

EXACT'VE (ORBITRAL TRAP)
ESI+, m/z 80-1000

1964 ions as constituting the
acquired metabolic
fingerprints

2720 ions as constituting the
acquired metabolic
fingerprints

15
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WHICH METABOLOME? CHIMIOMETRY

\ ANALYTICAL ¥ MARKERS’
¢ Z VALIDATION MONITORING
———

Does the mass spectrometers define the biomarker(s)? Gika et al. Anal Chem (2010) 82(19): 8226-8234.
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BIOLOGICAL ANALYTICAL MARKERS’
MEANINGS VALIDATION MONITORING

> OPLS-DA model based on selected variables
(Fold change up to 1.5 and P-value less then 0.05)
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is significant with a P-value 1.67E13
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Urine, growth hormone

Kieken et al., Anal. Bioanal. Chem. 2009;394:2119-2128.
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Biochemical profile map of the metabolic pathways:
understand what has been modified
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CHIMIOMETRY
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VALIDATION
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MONITORING

ONIRIS ONIR-02-10VW - Calf Anabolic Steroid
Heat map of statistically significant biochemicals profiled in this study. Shaded cells indicate pz0.05 [red indicates that the mean values TREATED DAY 4 TREATED DAY 4
are significantly higher for that comparison; green values significantly low er). Blue-bolded text indicates 0.05<{p<0.10.
PATHWAY FLATFO | COMP vs CONTROL DAY 4 vs TRATED DAY -7
SUFPER PATHWAY SUB PATHWAY BIOCHEMICAL NAME Kegg HMDB
SORT RM 10
By SELAUAle Ul e anae | [ Y =] PO 1) [N P A W o T T = TN NN 1,46 [LN-1-]
505 azelate [nonanedicate) LS neg | 18362 | CO8261 | HMDEODT 1,20 0,57
6062 dodecanedicate LGS neg 32388 | COZET |HBADEQDE 1,27 0,53
h21,4 F atty acid, beta-oxidation subenylglycine LCHMS neg 36413 HrADEoog 1,33 0,64
561,12 . : i ropionylalycine LCIMS pos | 31932 HEADE0F ] 0,71
BELM F atty acid metabolizm [also BCAA metabolizm] :ut;glglifi:e LS 205 EEn R 0.4 108
BE11E walerylglycine LCHMS pos 3BTVES HrADEoog ngzz2 1,02
561,17 Fatty acid metabolism izowalerates LIS neg | 34732 | C0826 | HMDEQOF] 2,05
BE112 hexanoylglycine LC{MS neg 365436 H:ADEQOT 13
BE3 Carnitine metabolism F-dehydrocarnitine” LCHMS pos 32854 | COZED |HRDEIE 0_5/6/
558 Lipid chalate LIS neg | 2zad42 | CO0063 | HMDEQDE] 0,81
541 glycochalate LC{MS pos 18476 | CO019 |HMDEOS 0,94 0,51
F9z taurocholate LCAMS neg 12497 | COR1EE [ HRDEODD L 0,493 0,42
547 Eile acid metabolism J-dehydrocholate LC/MS pos 31800 HEAOE0S )fZT“/ 0,56
595 deauychalate LC/MS neg 114 44 fAMDEDNE 041 1.20
[ud} 7-ketodeonycholate LCHMS neg 31304 HeADE Qo 1,07
E07 7. 12-diketalithocholate LCIMS pos AZ?ZS 1.94 0,83
613 ethanolamine G | we7  [Conigs [HMOED0)Y] / 101 0,51
E20 phosphoethanolamine GCAMS 12102 ooz HEACIED; 0a3 0,32
g2z Glyceralipid metabolism glyceral GCIMS 16122 | CO0iE | HMDELTE 1,20 0,54
B23 choline LCiMS pos | 15506 |COME [HMOEO00 0,63
E24 alycerol 3-phosphate [GIRL— GCAMS 16366 L0008 | HMOEQn: / 119 0,37
630 myo-inosital GOMMS | 19934 | CO0137 [HMOB002) / 0,92 0,47
6201 Inosital metabolizm chirn-ino;il.erl/ GCiMS Iz / 1,65 1,04
B30,5 pinitel_ GCH#AS | 37086 [Coasd / 0,80 0,62
710 Mevalonate metabolizm 3-hydrony-3-methylglutarate GG 53 CO37E] 148 104
L] SteroltSteroaid dehydroizoandrosterane sulfate [ODHEA-S) LCMISneq | 32426 [C0485 [HMDEMD 0,69
o Furine metabolism, [hgpo]xanwosine allantoic acid LCHMS neg 33434 | 0049 HeahEmzn 215 0,EE
==n P —n A cca e Lfammann I 4 o e
CH, O
H,C OH
ISOVALERATE
o) o) (|ZH3
N +
_ ~
O \ CH3 HO W ||
CH, CH, o DHEA-S

3-DEHYDROCARNITINE

H
7-KETODEOXYCHOLATE

CHOLINE
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6. 00E+06 — Mean abundances of a few candidate biomarkers Untargeted, adult bovines, kidney, steroids,
i (treated animals versus control animals) Validation of candidate biomarkers
°r00Ee0 . CONTROL
« oommoe | UP-EXCRETION
B . TREATED
3.00B+06 +
DOWN-EXCRETION
B00R=08 1 NEEDS FOR A LARGE INCREASING
1.00E+06 + OF THE NUMBER OF ANIMALS IN
THE CONTROL POPULATION
0.00E+00
'bé\“’ q&qb a@q" q&q»“’ #&,ﬁ’ &%ﬁ“’ "&»
> & & & & & &
TON ID AV Compliant sample (control population)
IARRARANY Non compliant samples (treated animals)

26 45 T T T T T T T T T T
24 | _ Concentrations of ion M461T344 ] o | S Concentrations of ion M465T461
22 | 1 N\
( VARKER ss| || MARKER
18 ¢ ) PASSED 30 § FAILED
16 | i i 1\ ] ) §
14 | 2 1 = 25 \
12 | 1 ¥ \

£ 201} §
o1 10 | §
‘| Non- 7
© o 717.6 2.0 2.4 (o] §
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Untargeted, adult bovines, kidney, steroids,
Validation of candidate biomarkers

A

CONTROL TREATED

NEEDS FOR ADDITIONAL
¢ TREATED ANIMAL EXPERIMENTS
FOR ROBUSTNESS AND
SELECTIVITY

207

157

(> Validated model

BIOCOP, NT + E2Bz, set 1 of calves just after
1st IM, NL

1.07

0.57

to[1]

0.0

-0.51

(> Prediction, same experiment

-1.01

BIOCOP, NT + E2Bz, set 1 of calves just after
2nd IM (2-weeks after), NL

-1.5T

-2.0T1

-2.5T

-2.0 -1.8 -1.6 -1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 0 P r ed i Ct i O n d i ffe r e n t eX p er i m e n t

(1]

R2X[1] = 0.298604 R2X[XSide Comp. 1] = 0.512656 & Same d rug

Ellipse: Hotelling T2 (0.95) SIMCA-P+ 12 - 2011-09-16 13:45:08 (UTC+1)
MOONBANK, E2Bz, set 2 of steers just after
one IM, UK

Dervilly-Pinel et al., Drug Testing & Analysis, 2012; 4(1):1-11 25



Untargeted, urine, growth hormone
Metabolic monitoring of 80 biomarkers, biological passport

Prediction of unknown horse racing urine samples A, B, C, D, E....... and F .... or G

toPS[1]
o

ACAcAcC AC

ic “Gac
AC Ac

Ac

Kieken et al., Anal. Bioanal. Chem. 2009;394:2119-2128
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Untargeted, calves, 200 urine samples, [3-agonists
Prediction, validation: attempt to assess False Negative, False Suspect

y=-0.91 x [M1] + 0.44 x [M2] + 0.37 x [M3]

Cocktail of CLB, MAB, RACTO, CIMA, and ZILPA, 3 days, 100 ug each, per os
y Low dose cocktail - Different male calves

CLB or RACTO or CLB+RACTO,
Various doses

Adult female bovines

=)
© B
e
CLB, 20 days, 700 pg, per 0s ._
|
e R
IRV R VRS vl X i il SRS e
5 o8 o PANIN W IR s RN
SC TN "o 43209 %0 * g phediif;

CLB, 5 days, 500 ng, per os
National Monitoring Plan Mg, P

_ : _ Same drug
Randomized bovines (gender, age, location...) Different male calves



. N
P e e Y \ <nOIETRRY MA RK ERS’ MON ITOR I NG

Untargeted, calves, 200 urine samples, [3-agonists
Prediction, validation: attempt to assess False Negative, False Suspect

CLB (x1) or RACTO (x1) or
CLB+RACTO (1/10 + 1/10)
Adult female bovines

Equation
y=-0.91 x [M1] + 0.44 x [M2] + 0.37 x [M3]

&
m
00’: *
S
S - O
o ¢ - "

[ X |
_'u lr ¥, REEL S B 3SD
v 1 R | i

——r- ———————— *—* ————————— -
M A_, ¢ AA\A" ’“AM'M

-----------

Hypothesis 1 - mean values +3 sd,

FALSE SUSPECT - 0 samples, 0 % FALSE NEGATIVE SCORE - 0 samples, 0 %
FALSE SUSPECT - 4 samples, 2 %

28
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Untargeted, calves, urine samples, 3-agonists
Different treatments with 3-agonists, kinetic observations
EXP. 5 CLB (x1) or
: RACTO (x1) or
CLB+RACTO (0,1 + 0,1)

Adult female bovines

Equation "
y=-0.91 x [M1] + 0.44 x [M2] + 0.37 x [M3] D+2 .
2sP (from treatment), .- a7669; V¥7669
L w634 D+4
3 (\ V634 /) (from treatment)
, <~ i = P .
D +1 2N T <7669 ¥
(from treatment) R t
IIIIIIIIIIIIIIIIIIII py “‘ .3033 ‘ “‘ L4
““---.-.---o’.. "‘ ’.’. . :- . 9%634_ :~ o
®/669 .. . A634 — ‘., . EPTTITLY V3033 - S e
0634 . ey \) A7669 s #3033 e 7669 %
O “ %, A3033 K % @b
: #0634 93033 03033"". O
CONTROLLED ANIMALS . 3033 F
D + 5 ““‘ 0"“’

(from treatment) 29



tPS[1]

TN BT MARKERS’ MONITORING
—.

Untargeted, calves, urine samples, [3-agonists
Validation, kinetic observations

CLENBUTEROL 1/10 CLENBUTEROL + 1/10 RACTOPAMINE
2.0 :2 sD m7669 —_———
10t V634
7 eZ669
-0.5 : "“"”‘ .'6:?” 3 ﬁ4
| 034 3033 23033
.l CONTROLLED 3033
ANIMALS
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2. ILLUSTRATIONS

3. CONCLUSION AND PERSPECTIVES




. . From the proof of concept
3. Conclusion and perspectives
PErsp to the daily use of a robust method...

t(1]

BUT... SOME QUESTIONS STILL REMAINING

DESCRIPTIVE +PREDICTIVE MODELS (PROTOTYPES)
AVAILABLE FOR MOST ANABOLIC FAMILIES

FIRST CANDIDATE BIOMARKERS
FOR A COUPLE OF APPLICATIONS

rrrrr o in. Aradytical Chessry, ok B0, N, 2, 2008

Targeted and untargeted profiling Mass spectrometry-based READY TO BE USED IN OFFICIAL CONTROLS
of biological fluids to screen metabolomics applied to the (EXPERIMENTAL STAGE )

eisevien for anabolic practices in cattle chemical safety of food
I.-P. Antignac, F. Courant, G. Pinel, E. Bichan, F. Momteau, C. Ellion 32

G. Pinel, S, Weigel, |.-P, Antignac, M.H. Mooney, C. Elliott, MAYF, Niclen,
B. Le Bizoc

B. Le Bizec




3. Conclusion and perspectives Regulatory issues... notions of biomarkers not clearly
mentioned in the current EU regulation (food safety)

WORLD
ANTI-DOPING
CODE

COUNCIL DIRECTIVE 96/23/EC . e
Article 2.1.2
f 29 April 1996 . . . . . . .
on T e Sufficient proof of an anti-doping rule violation is
on measures (0 monitor certain substances and residues thereof in live animals and animal . . T
products and repealing Directives 85/358/EEC and 86/469/EEC and Decisions 89/187/EEC established either by the presence of a prOthItEd
and 91/664/EEC substance, its metabolites or markers [...]

A t l 1 WADA'’s Executive Committee approved WADA'’s Athlete Biological
riicie Passport Operating Guidelines on December 1, 2009.

This Directive lays down measures to monitor the
substances and group listed in Annex .

Article 2
‘residue’ shall mean a residue of substances having a

pharmacological action, of and of _

other substances transmitted to animal products and
likely to be harmful to human health; Article 6, §11

[...] The finding of any scientific indicator of
administration or other exposure to a prohibited
substance is also equivalent to the finding of the
substance [...]

New version approved in April 2009 “International Agreement on
Breeding, Racing and Wagering”
33



3. Conclusion and perspectives Transcriptome profiling

Analytica Chimica Acta 638 (2009) 106-113

C. lists available at Sci Direct

Irmgard Riedmaier

Analytica Chimica Acta

journal homepage: www.elsevier.com/locate/aca Gene group Gen Sequerlz
AR for CCT GGT TTT TCA ATG AGT ACC GCA TC
: . . . : : 5 . - rev TTG ATT TTT CAG CCCATCCACTGG A
'iad]e;rz)rcl)lli_zaatl(;rluc;f.l)loggcll’llael glec;]oede?eliltsessmn biomarkers for the surveillance of ERalpha for AGC GAA GCT OCT ATT TGCTCC
. ICAREnRLS i u i nacnirinn rev GGT GGA TGT GGT CCTTCT €
Irmgard Riedmaier*, Ales Tichopad, Martina Reiter, Michael W. Pfaffl, Heinrich H.D. Meyer P ERb for TTA GCC ATC CAT TGC CAG CC
Physiology Weihenstephan, Technische Universitaet Muenchen, Weihenstephaner Berg 3, 85354 Freising. Germany rev GCCTTA CAT CCT TCA CAC GAC
GRa for TTC GAA GAA AAAACT GOCCAGC
rev CAG TGT TGG GGT GAG TTG TG
Fasl for CAT CTT TGG AGA AGCAAA TAG
rev GGA ATA CAC AAA ATA CAG CCC
H Fas for TGT TGT CAG CCT TGT CCT CC
Trenbolone acetate 140 mg, Estradiol 14 mg, 9C & 9T = b ol e

bel-2 for ATG ACT TCT CTC GGC GCT AC
rev CCGGITCAGGTACTICGGTCA
!’;1'11( Blood cells

PCA based on 11 regulated genes

GR-alpha DAY 16 Actin-beta DAY 39

w

expression ratio
V]

| " — I
[

0 - . 0 v v
control treatrment control Ireatment 20 -1.0 0.0 10 20

expression ratio
~N

=
A
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3. Conclusion and perspectives Applications in metabolite imaging

® Find candidate biomarkers in tissue
= Localize the target tissue where the biomarker accumulates




Dedicated statistical tools (muilti-

3. Conclusion and perspectives
block methods: CPCA, MB-PLS)

Technology: possible improvements

MS Libraries Covering

New MS Dimension (IMS)
Main Mammals Metabolomes

W an s m———

Benchtop Ultra HRMS
with fast scanning facilities

" jid




3. Conclusion and perspectives

Toward a simple model of decision

COMPLIA This urine wheel was published in 1506 by Ullrich Pinder,
N in his book Epiphanie Medicorum. It describes the

possible colours, smells and tastes of urine, and uses them
to diagnose disease.

Stilbens

COMPLIANT

Recombinant GH

Clenbuterol-like
COMPLIANT 37



3. Conclusion and perspectives
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