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Natural hormones

1. Introduction Where the current methods are challenged…

Major difficulties to screen for the illegal use
of natural hormones

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

Designer drugs

Low doses cocktails

Same or superior effect (additional, synergetic) 
But residues individually non detectable

Gene doping

Undetectable by
classical analytical strategies
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1. Introduction Existing and emerging options to tackle these challenges

Holistic observation of a biology system (food 
producing animals) when exposed to a chemical hazard

EFFECT based approachesCOMPOUND based approaches

Targeted approaches on a limited number
of known chemical hazards

No signal
 False negative

?X

Untargeted approaches on the basis of a minimum set of known chemical hazards



4Statistical criteria F (ANOVA) or t (student test) associated to a statistical confidence level (p‐value)
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Comparison of signal abundances in 2 (or more) groups of samples

The metabolome: a high resolution picture may reveal some differences

Sample(s) from controlled animal(s) Sample(s) from treated animal(s)

1. Introduction



5

Expected level of information
and consequence on the MS technology

WEAK MEDIUM HIGH ULTRA-HIGH

RESOLUTION

QUADRUPOLE TOF FT-ORBITRAP FT-ICR

MASS SPECTROMETRY

1. Introduction
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A very high resolution picture processed with an ad hoc
statistical tool may reveal even light differences

TREATED NON-TREATED ANIMALS

+

+

+

-
-

-

1. Introduction

A SET OF
BIOMARKERS 
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SAMPLE STATUS ?

+
+ +

--
-

SUSPECT COMPLIANT

1. Introduction
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Use of markers for predicting animal appurtenance to a group 

SAMPLE from
ANIMAL 1 

SAMPLE from
ANIMAL 2 

SAMPLE from
ANIMAL 3 

SAMPLE from
ANIMAL 4

BIOMARKERS QUANTITATION
REFERENCE

BIOMARKERS’
PROFILE

+
+

-

TREATED ANIMAL
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Principe1. Contexte Principle, detection of diagnostic markers
and further use

CANDIDATE 
BIOMARKER(S)

SAMPLE
PREPARATION

ANIMAL 
EXPERIMENT

FINGERPRINTING

DATA PROCESSING
(XCMS, Peak picking, grouping 

and RT adjustment)

MULTIVARIATE STATISTICS 
(supervised or not)

BIOMARKERS 
IDENTIFICATION

VALIDATION 
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1. INTRODUCTION

2. ILLUSTRATIONS

3. CONCLUSION AND PERSPECTIVES
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m/z : 597.1 ; RT : 24.7 min

m/z : 781.5 ; RT : 37.6 min

Untargeted, adult bovines, kidney, steroids,
Validation of candidate biomarkers

Revalor ® implants
(140 mg trenbolone acétate + 24 mg estradiol)n=5 n=5 n=5 n=5

control

CONTROL

TREATED

1 IMPLANT 2 IMPLANTS 4 IMPLANTS

1 IMPLANT 2 IMPLANTS 4 IMPLANTS

CONTROL CONTROL

TREATED

TREATED

CONTROL

TREATED

4 IMPLANTS

CONTROL CONTROL

TREATED

TREATED

FIRST OBSERVATIONS WHICH 
METABOLOME? CHIMIOMETRY CHEMICAL 

STRUCTURE
BIOLOGICAL 
MEANINGS

ANALYTICAL 
VALIDATION

MARKERS’ 
MONITORING
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OPLS performed on metabolic fingerprints recorded on kidney samples collected at D90 - hexane extract
LC-ESI-HRMS

(Thermo Orbitrap)

Revalor ® implants
(140 mg trenbolone acetate + 24 mg estradiol)n=5 n=5 n=5 n=5

control

Axis = Equation involving different biomarkers explaining the difference (variability) between the groups

Untargeted, adult bovines, kidney, steroids,
Observation of the data, group separation

FIRST OBSERVATIONS WHICH 
METABOLOME? CHIMIOMETRY CHEMICAL 

STRUCTURE
BIOLOGICAL 
MEANINGS

ANALYTICAL 
VALIDATION

MARKERS’ 
MONITORING



12

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

Liquid matrices Solid matrices

Plasma/Serum Urine Muscle Kidney fat

Filtration

10kD cut‐off

Normalization

Liquid/Solid Extraction

Lyophilization

CH3OH/Water
CH3OH

CH3CN
Acetone

DCM
Hexane

+ -

Secretary fluids.
Extreme dynamic [ ] range (>1011).
Thousands of molecules < 1KDa.
Many small proteins
High enzyme activities.

Connective role
High dynamic [ ] range (>105).

100’s of molecules < 1KDa and >1KDa.
Many large proteins.

POLARITY

‐ 80°C

FIRST 
OBSERVATIONS WHICH METABOLOME? CHIMIOMETRY CHEMICAL 

STRUCTURE
BIOLOGICAL 
MEANINGS

ANALYTICAL 
VALIDATION

MARKERS’ 
MONITORING
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Richesse d’information:
Nombre d’ions

Spécificité:
Fraction du métabolome

m/z

tr

abondances

FIRST 
OBSERVATIONS WHICH METABOLOME? CHIMIOMETRY CHEMICAL 

STRUCTURE
BIOLOGICAL 
MEANINGS

ANALYTICAL 
VALIDATION

MARKERS’ 
MONITORING
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ESI +ESI +

ESI -ESI -

IONIZATION ACQUISITION

Signal acquisition: plenty of possibilities, but not without 
Consequences on the characterized metabolome 

Or DI, GCxGC, LCxLC....Or DI, GCxGC, LCxLC.... Or APCI, APPI, EI, PCI, NCI...Or APCI, APPI, EI, PCI, NCI...
Or LRMS, HRMS, HRMSn

MSn, IMS...
Or LRMS, HRMS, HRMSn

MSn, IMS...

LRMSLRMS

HRMSHRMS

FIRST 
OBSERVATIONS WHICH METABOLOME? CHIMIOMETRY CHEMICAL 

STRUCTURE
BIOLOGICAL 
MEANINGS

ANALYTICAL 
VALIDATION

MARKERS’ 
MONITORING
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Synapt-G2 vs. Exactive

SYNAPT (Q-TOF, H2DMS)

ESI+, m/z 65-1000
EXACTIVE (ORBITRAL TRAP)

ESI+, m/z 80-1000

1964 ions as constituting the 
acquired metabolic 

fingerprints

2720 ions as constituting the 
acquired metabolic 

fingerprints

Bovine treated with Revalor-XS implant
200 mg TbAc + 40 mg E2
N=32 / sampling day

(16 control, 16 treated animals)

FIRST 
OBSERVATIONS WHICH METABOLOME? CHIMIOMETRY CHEMICAL 

STRUCTURE
BIOLOGICAL 
MEANINGS

ANALYTICAL 
VALIDATION

MARKERS’ 
MONITORING

Does the mass spectrometers define the biomarker(s)? Gika et al. Anal Chem (2010) 82(19): 8226-8234.

2720 986
1964
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Synapt-G2 vs. Exactive

R2(Y)=0.988
Q2(Y)=0.691

R2(Y)=0.971
Q2(Y)=0.647

FIRST 
OBSERVATIONS WHICH METABOLOME? CHIMIOMETRY CHEMICAL 

STRUCTURE
BIOLOGICAL 
MEANINGS

ANALYTICAL 
VALIDATION

MARKERS’ 
MONITORING

DISCRIMINANT IONS
in COMMON (n=23)

SYNAPT EXACTIVE

EXACTIVESYNAPT

Does the mass spectrometers define the biomarker(s)? Gika et al. Anal Chem (2010) 82(19): 8226-8234.

CONTROLCONTROL

TREATED
TREATED

2720 1964
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R2(Y) and Q2(Y) values
decrease  upon permutations

 OPLS‐DA model based on selected variables
(Fold change up to 1.5 and P‐value less then 0.05)

CV‐ ANOVA  suggests that the model 
is significant with a P‐value 1.67E‐13

FIRST 
OBSERVATIONS

WHICH 
METABOLOME? CHIMIOMETRY CHEMICAL 

STRUCTURE
BIOLOGICAL 
MEANINGS

ANALYTICAL 
VALIDATION

MARKERS’ 
MONITORING

 OPLS Model                 Prediction Set

 Candidate biomarkers robustness

Permutation Test

Cross
validation
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name fold tstat pvalue anova
M155T427 8.21002385 7.34062951 0.00038998 0.00011103
M154T427 11.0439706 7.26770818 0.00075516 0.00018432
M181T667 1.89111638 4.95814418 0.00115956 0.03680928
M269T651 2.61734154 5.06900243 0.0046466 0.00160242
M202T353 6.30632103 4.80249581 0.0066701 0.01674084

II. METABOLOMICS STRATEGY A particular focus

LABERCA data bank

OH

O

O

OH

FIRST 
OBSERVATIONS

WHICH 
METABOLOME? CHIMIOMETRY CHEMICAL STRUCTURE BIOLOGICAL 

MEANINGS
ANALYTICAL 
VALIDATION

MARKERS’ 
MONITORING
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Urine, growth hormone

(18 µg.kg‐1 bw/d   [0‐15]d)

n = 90
Control

FIRST 
OBSERVATIONS

WHICH 
METABOLOME? CHIMIOMETRY CHEMICAL STRUCTURE BIOLOGICAL 

MEANINGS
ANALYTICAL 
VALIDATION

MARKERS’ 
MONITORING
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Kieken et al., Anal. Bioanal. Chem. 2009;394:2119‐2128.

reGH

n = 160
Treated
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Untargeted, calves, urine, -agonists
Identification of biomarkers

FIRST 
OBSERVATIONS

WHICH 
METABOLOME? CHIMIOMETRY CHEMICAL STRUCTURE BIOLOGICAL 

MEANINGS
ANALYTICAL 
VALIDATION

MARKERS’ 
MONITORING

M150T143
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FIRST 
OBSERVATIONS

WHICH 
METABOLOME? CHIMIOMETRY CHEMICAL 

STRUCTURE BIOLOGICAL MEANINGS ANALYTICAL 
VALIDATION

MARKERS’ 
MONITORING

Markers’ profile

Biochemical profile map of the metabolic pathways:
understand what has been modified

DOWNUP
REGULATION
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TREATED DAY 4
vs CONTROL DAY 4

TREATED DAY 4
vs TRATED DAY ‐7

ISOVALERATE

DHEA-S

CHOLINE7-KETODEOXYCHOLATE3-DEHYDROCARNITINE

FIRST 
OBSERVATIONS

WHICH 
METABOLOME? CHIMIOMETRY CHEMICAL 

STRUCTURE BIOLOGICAL MEANINGS ANALYTICAL 
VALIDATION

MARKERS’ 
MONITORING
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Mean abundances of a few candidate biomarkers
(treated animals versus control animals)
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UP‐EXCRETION

Untargeted, adult bovines, kidney, steroids,
Validation of candidate biomarkers

CONTROL

TREATED

DOWN‐EXCRETION

FIRST 
OBSERVATIONS

WHICH 
METABOLOME? CHIMIOMETRY CHEMICAL 

STRUCTURE
BIOLOGICAL 
MEANINGS

BIOANALYTICAL 
VALIDATION

MARKERS’ 
MONITORING

NEEDS FOR A LARGE INCREASING 
OF THE NUMBER OF ANIMALS IN 

THE CONTROL POPULATION

MARKER
PASSED

MARKER
FAILED
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Validated model

Prediction different experiment 
& same drug

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

Untargeted, adult bovines, kidney, steroids,
Validation of candidate biomarkers

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

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

MOONBANK, E2Bz, set 2 of steers just after
one IM, UK

CONTROL TREATED

FIRST 
OBSERVATIONS

WHICH 
METABOLOME? CHIMIOMETRY CHEMICAL 

STRUCTURE
BIOLOGICAL 
MEANINGS

BIOANALYTICAL 
VALIDATION

MARKERS’ 
MONITORING

NEEDS FOR ADDITIONAL 
TREATED ANIMAL EXPERIMENTS 

FOR ROBUSTNESS AND 
SELECTIVITY
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OPLS 

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

FIRST 
OBSERVATIONS

WHICH 
METABOLOME? CHIMIOMETRY

CHEMICAL 
STRUCTUR

E
BIOLOGICAL 
MEANINGS

ANALYTICAL 
VALIDATION MARKERS’ MONITORING

Prediction of unknown horse racing urine samples A, B, C, D, E....... 

F

G

and F .... or G
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tP
S

[1
]

CLB, 5 days, 500 g, per os
Same drug
Different male calves

National Monitoring Plan
Randomized bovines (gender, age, location...)

CLB or RACTO or CLB+RACTO,
Various doses
Adult female bovines

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

CLB, 20 days, 700 g, per os
Male calves

+3 SD

-3 SD
-2 SD

+2 SD

Obs ID

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

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

EXP. 5

EXP. 2

EXP. 3

EXP. 4

EXP. 1

y

FIRST 
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WHICH 
METABOLOME? CHIMIOMETRY

CHEMICAL 
STRUCTUR

E
BIOLOGICAL 
MEANINGS

ANALYTICAL 
VALIDATION MARKERS’ MONITORING
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+3 SD

-3 SD
-2 SD

+2 SD

Hypothesis 2  mean values +2 sd,
FALSE NEGATIVE SCORE  0 samples, 0 %
FALSE SUSPECT  4 samples, 2 %

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

Hypothesis 1  mean values +3 sd,
FALSE NEGATIVE SCORE  3 samples, 1.5%
FALSE SUSPECT  0 samples, 0 %

Untargeted, calves, 200 urine samples, -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

EXP. 5

FIRST 
OBSERVATIONS

WHICH 
METABOLOME? CHIMIOMETRY CHEMICAL 

STRUCTURE
BIOLOGICAL 
MEANINGS

ANALYTICAL 
VALIDATION MARKERS’ MONITORING
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634 3033

7669
634

3033

634

3033
7669

634

3033

7669

634

3033

7669

634

3033

7669

634

3033

7669

2 SD

CONTROLLED ANIMALS

D +1
(from treatment)

D + 2
(from treatment)

D + 3
(from treatment)

D + 4
(from treatment)

D + 5
(from treatment)

Untargeted, calves, urine samples, -agonists
Different treatments with -agonists, kinetic observations

CLB (x1) or
RACTO (x1) or
CLB+RACTO (0,1 + 0,1)
Adult female bovines

EXP. 5

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

FIRST 
OBSERVATIONS

WHICH 
METABOLOME? CHIMIOMETRY CHEMICAL 

STRUCTURE
BIOLOGICAL 
MEANINGS

ANALYTICAL 
VALIDATION MARKERS’ MONITORING



30

2 0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

tP
S[

1]

634 3033

7669
634

3033

634

3033
7669

634

3033

7669

634

3033

7669

634

3033

7669

634

3033

7669

2 SD

1/10 CLENBUTEROL + 1/10 RACTOPAMINE

Untargeted, calves, urine samples, -agonists
Validation, kinetic observations

CONTROLLED
ANIMALS

DAY 1 DAY 2 DAY 3 DAY 4 DAY 5

CLENBUTEROL

RACTOPAMINE

FIRST 
OBSERVATIONS

WHICH 
METABOLOME? CHIMIOMETRY CHEMICAL 
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MEANINGS

ANALYTICAL 
VALIDATION MARKERS’ MONITORING
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1. INTRODUCTION

2. ILLUSTRATIONS

3. CONCLUSION AND PERSPECTIVES
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3. Conclusion and perspectives From the proof of concept
to the daily use of a robust method…

FIRST CANDIDATE BIOMARKERS
FOR A COUPLE OF APPLICATIONS

READY TO BE USED IN OFFICIAL CONTROLS 
(EXPERIMENTAL STAGE )

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

BUT… SOME QUESTIONS STILL REMAINING
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New version approved in April 2009 “International Agreement on
Breeding, Racing and Wagering”

33

WADA’s Executive Committee approved WADA’s Athlete Biological
Passport Operating Guidelines on December 1, 2009.

Article 2.1.2
Sufficient proof of an anti‐doping rule violation is
established either by the presence of a prohibited
substance, its metabolites ormarkers […]

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 […]

FOOD SAFETY

Regulatory issues… notions of biomarkers not clearly
mentioned in the current EU regulation (food safety)

HUMAN ANTIDOPING

HORSERACING

3. Conclusion and perspectives
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PCA based on 11 regulated genes

Transcriptome profiling

Trenbolone acetate 140 mg, Estradiol 14 mg, 9C & 9T

Blood cells

Irmgard Riedmaier

3. Conclusion and perspectives
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Applications in metabolite imaging

 Find candidate biomarkers in tissue
 Localize the target tissue where the biomarker accumulates 

3. Conclusion and perspectives
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SFC

Technology: possible improvements

Benchtop Ultra HRMS
with fast scanning facilities

MS Libraries Covering
Main Mammals Metabolomes

New MS Dimension (IMS)

GCxGC

LCxLC

Portable device

Dedicated statistical tools (multi-
block methods: CPCA, MB-PLS)

3. Conclusion and perspectives
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COMPLIANT

SUSPECT

COMPLIANT COMPLIANT

SUSPECT

SUSPECT

COMPLIANT COMPLIANT

COMPLIANT COMPLIANT

COMPLIANTCOMPLIANT

Toward a simple model of decision

This urine wheel was published in 1506 by Ullrich Pinder,
in his book Epiphanie Medicorum. It describes the
possible colours, smells and tastes of urine, and uses them
to diagnose disease.

Clenbuterol‐like

19‐Norsteroids‐like

Stilbens

Thyrostats‐like

Recombinant GH

COMPLIANT

COMPLIANT

COMPLIANT

3. Conclusion and perspectives
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Orléans, 17-20 septembre 2012

METABOLOMICS SESSION

R&D IN METABOLOMICS
IMPLEMENTATION OF A METABOLOMICS BASED 
SCREENING MODEL TO DETECT ANABOLIC 
PRACTICES IN BREEDING ANIMALS


