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• intramuscular injection of boldenone undecylenate

1 day oral treatment with ADD (0,2 mg/ml) + β-BOLD (2 mg/ml), single 
administration dose = 5 mg/calf/diet
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2 . MARKER METABOLITE: THE HOLY GRAAL2 . MARKER METABOLITE: THE HOLY GRAAL
2.4 2.4 –– FIRST ATTEMPT FAILEDFIRST ATTEMPT FAILED

M1
M2
M3
M4
M5
M6
M7
M8
M9

Metabolite structure RT (min) A B C im po

5β-androst-1-ene-3,17-dione 11.92 min ND ND ++ + ++

5β-androst-1-en-17α-ol-3-one 11.55 min ++ + +++ ++ +++

5α-androst-1-en-17ξ-ol-3-one 12.67 min ND ND + + ++

5β-androst-1-en-17β-ol-3-one 12.00 min ++ + + ++ +

5β-androst-1-en-3β-ol-17-one 12.39 min ++ + + ++ +++

5β-androst-1-en-3α-ol-17-one 12.83 min ND ND ND ++ ND

Androst-1,4-diene-3,17-dione 13.21 min ND ND ++ ND ++

Androst-1,4-dien-17α-ol-3-one 13.02 min +++ + ++++ ++++ +++

Androst-1,4-dien-17β-ol-3-one 13.38 min + ND ++ ++ ND

- DETERMINE BOLD + ADD METABOLITES IN URINE

- PRESENT WHATEVER THE TREATMENT

- SUFFICIENTLY ABUNDANT

- NOT FOUND IN NON-TREATED ANIMALS

M2, M4, M5, M8M2, M4, M5, M8

M2, M4, M8M2, M4, M8

M2, M4M2, M4

M1, M2, M3, M4, M5, M6, M7, M8, M9M1, M2, M3, M4, M5, M6, M7, M8, M9
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3.2 3.2 –– ANALYTICAL STRATEGY FOR PHASE II METABOLISM STUDYANALYTICAL STRATEGY FOR PHASE II METABOLISM STUDY
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GC-MS 
(SCAN EI)

LLE

SPE Chrom P on 
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A=ORAL TREATMENT WITH BOLDENONE+ADDA=ORAL TREATMENT WITH BOLDENONE+ADD
 Metabolite structure Glucuronide Sulfate Free 

M2 5β-androst-1-en-17α-ol-3-one 100 0 0 

M4 5β-androst-1-en-17β-ol-3-one 100 0 0 

M5 5β-androst-1-en-3β-ol-17-one 100 0 0 

M8 17α-boldenone 94 1 5 

M9 17β-boldenone 78 22 0 

M7 Androsta-1,4-diene-3,17-dione 0 0 100 
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3 . SECOND ATTEMPT PRESUMED SUCCESSFUL3 . SECOND ATTEMPT PRESUMED SUCCESSFUL
3.4 3.4 –– DIRECT MEASURENT OF CONJUGATES BY LCDIRECT MEASURENT OF CONJUGATES BY LC--NEG(ESI)NEG(ESI)--MS/MSMS/MS

LC-MS/MS, NEG-ESI, SRM

55 V 0 eV55 V 0 eV
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ORAL ROUTE
ADD 200 mg

9,49
7,894,132,89 4,03

7,55
5,02 6,965,44 6,01 8,988,48

12,06
11,4511,059,81 14,0413,7913,11 16,4014,23 16,21 17,5

8,16

5,57

11,39

8,98 9,38 10,759,78
12,59 12,8613,47

14,7615,37 17,42

3,42 15,3711,728,716,225,344,754,03
6,62

7,06 8,27 9,709,47 10,65 11,98 13,9413,43 14,49
17,2315,75

9,49
7,894,132,89 4,03

7,55
5,02 6,965,44 6,01 8,988,48

12,06
11,4511,059,81 14,0413,7913,11 16,4014,23 16,21 17,5

8,16

5,57

11,39

8,98 9,38 10,759,78
12,59 12,8613,47

14,7615,37 17,42

3,42 15,3711,728,716,225,344,754,03
6,62

7,06 8,27 9,709,47 10,65 11,98 13,9413,43 14,49
17,2315,75

DAY 0 – BEFORE ADMINISTRATION

365>97

365>177

365>350

3 . SECOND ATTEMPT PRESUMED SUCCESSFUL3 . SECOND ATTEMPT PRESUMED SUCCESSFUL
3.4 3.4 –– DIRECT MEASURENT OF CONJUGATES BY LCDIRECT MEASURENT OF CONJUGATES BY LC--NEG(ESI)NEG(ESI)--MS/MSMS/MS

8,99
17108

8,99
68420

8,99
93088

8,99
17108

8,99
68420

8,99
93088

DAY 0 + 4 hours AFTER ADMINISTRATION - 35.6 ng.mL-1

365>97365>97

365>177365>177

365>350365>350

17α-BOLDENONE17α-BOLDENONE
17β-BOLDENONE17β-BOLDENONE

ORAL ROUTE
ADD 200 mg3 . SECOND ATTEMPT PRESUMED SUCCESSFUL3 . SECOND ATTEMPT PRESUMED SUCCESSFUL

3.4 3.4 –– DIRECT MEASURENT OF CONJUGATES BY LCDIRECT MEASURENT OF CONJUGATES BY LC--NEG(ESI)NEG(ESI)--MS/MSMS/MS

9,02

9,23

9,239,04

9,02

9,23

9,02

9,23

9,239,04

9,02

9,23

DAY 0 + 12 hours AFTER ADMINISTRATION – 2.7 ng.mL-1

365>97365>97

365>177365>177

365>350365>350

17α-BOLDENONE17α-BOLDENONE
17β-BOLDENONE17β-BOLDENONE

ORAL ROUTE
ADD 200 mg3 . SECOND ATTEMPT PRESUMED SUCCESSFUL3 . SECOND ATTEMPT PRESUMED SUCCESSFUL

3.4 3.4 –– DIRECT MEASURENT OF CONJUGATES BY LCDIRECT MEASURENT OF CONJUGATES BY LC--NEG(ESI)NEG(ESI)--MS/MSMS/MS

DAY 0 + 12 hours AFTER ADMINISTRATION – 9.4 ng.mL-1

IM – BOLDENONE
UNDECYLENATE 200 mg3 . SECOND ATTEMPT PRESUMED SUCCESSFUL3 . SECOND ATTEMPT PRESUMED SUCCESSFUL

00 600 800 1000 1200 1 00 1600 18

9,02

9,04

9,04

400 600 800 1000 1200 1400 1600 18

9,02

9,04

9,04

365>97365>97

365>177365>177

365>350365>350

17α-BOLDENONE17α-BOLDENONE
17β-BOLDENONE17β-BOLDENONE

3.4 3.4 –– DIRECT MEASURENT OF CONJUGATES BY LCDIRECT MEASURENT OF CONJUGATES BY LC--NEG(ESI)NEG(ESI)--MS/MSMS/MS

DAY 0 + 27 days AFTER ADMINISTRATION – 3.6 ng.mL-1

SOLVOLYSISSOLVOLYSIS
GC-MS/MSGC-MS/MS

17,05

17,05

17,05

17,05

SAMPLESAMPLE

17,00

16,54
17,04

16,83

16,54
17,04

16,83

17,00

16,54
17,04

16,83

16,54
17,04

16,83

STANDARDSTANDARD

17β-BOLD17β-BOLD

17β-BOLD17β-BOLD17α-BOLD17α-BOLD

17α-BOLD17α-BOLD

IM – BOLDENONE
UNDECYLENATE 200 mg3 . SECOND ATTEMPT PRESUMED SUCCESSFUL3 . SECOND ATTEMPT PRESUMED SUCCESSFUL

8,97

8,99

8,97

8,97

8,99

8,97

17β-BOLDENONE17β-BOLDENONE

3.4 3.4 –– DIRECT MEASURENT OF CONJUGATES BY LCDIRECT MEASURENT OF CONJUGATES BY LC--NEG(ESI)NEG(ESI)--MS/MSMS/MS

10 11 12 13 14 1
Time (min)

11.07

10.42 11.24 11.75 11.83 12.22 12.61 12.99
11.07

11.18 11.7110.45 12.06 12.65 12.85
11.07

11.81 12.06 12.7111.2010.09 10.47
13.76

13.9913.10 14.38

NON COMPLIANT per os 5 mg ADD+ β-boldenone 90 min after treatment

3 . SECOND ATTEMPT PRESUMED SUCCESSFUL3 . SECOND ATTEMPT PRESUMED SUCCESSFUL
3.5 3.5 –– DIRECT MEASURENT OF CONJUGATES BY LCDIRECT MEASURENT OF CONJUGATES BY LC--NEG(ESI)NEG(ESI)--MSMSnn

LTQ MS2 (365 > 350)

LTQ MS3 (365 > 350 > 335)

TIC
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API Ion source                       Linear Ion Trap            C-Trap

Orbitrap

3 . SECOND ATTEMPT PRESUMED SUCCESSFUL3 . SECOND ATTEMPT PRESUMED SUCCESSFUL
3.5 3.5 –– DIRECT MEASURENT OF CONJUGATES BY LCDIRECT MEASURENT OF CONJUGATES BY LC--NEG(ESI)NEG(ESI)--HRMSHRMS22

zm
k
/

=ω

Frequence Fourier Tranform Mass spectrumFrequence Fourier Tranform Mass spectrum

3 . SECOND ATTEMPT PRESUMED SUCCESSFUL3 . SECOND ATTEMPT PRESUMED SUCCESSFUL
3.5 3.5 –– DIRECT MEASURENT OF CONJUGATES BY LCDIRECT MEASURENT OF CONJUGATES BY LC--NEG(ESI)NEG(ESI)--HRMSHRMS22

ORBITRAP

Loperamide_T15_MS3_FT_2e3_MS2 # 364 RT: 4.95 AV: 1 NL: 1.25E7
T: FTMS + p ESI d Full ms3 463.22@35.00 252.14@35.00 [ 55.00-265.00]
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T: FTMS + p ESI d Full ms3 463.22@35.00 252.14@35.00 [ 55.00-265.00]
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3 . SECOND ATTEMPT PRESUMED SUCCESSFUL3 . SECOND ATTEMPT PRESUMED SUCCESSFUL
3.5 3.5 –– DIRECT MEASURENT OF CONJUGATES BY LCDIRECT MEASURENT OF CONJUGATES BY LC--NEG(ESI)NEG(ESI)--HRMSHRMS22

NON COMPLIANT per os 5 mg ADD+ β-boldenone 90 min after treatment

ORBI (365.1415 +/-10mmu)

ORBI (350.1081 +/-10mmu)

TIC

3 . SECOND ATTEMPT PRESUMED SUCCESSFUL3 . SECOND ATTEMPT PRESUMED SUCCESSFUL
3.5 3.5 –– DIRECT MEASURENT OF CONJUGATES BY LCDIRECT MEASURENT OF CONJUGATES BY LC--NEG(ESI)NEG(ESI)--HRMSHRMS22

Analyte Etalon ext.
Signal Signal

Concentration 
(ppb) Tr (min) Amplitude 

Signal Tr (min) Amplitude 
Signal Tr Rel. Signal Relatif pente (a) Ordonnée à 

l'origine (b) R2

0 13,76 70206 11,08 0 0,805 0,000
0,05 13,76 56408 11,10 349 0,807 0,006
0,1 13,74 34726 11,10 479 0,808 0,014
0,5 13,75 37739 11,09 1587 0,807 0,042

2 13,75 27897 11,09 3437 0,807 0,123

FEUILLE DE QUANTIFICATION POUR LES ANALYSES DE CONFIRMATION
PAR CHROMATOGRAPHIE COUPLEE A LA SPECTROMETRIE DE MASSE

Version 1

LTQORBITechnique

fluorometholone
435,1

Etalon Externe Analyte

350,1

Paramètres de régression

Date retraitement 16/10/06

boldenone sulfate

0,0598 0,0053 0,9914

y = 0,0598x + 0,0053
R2 = 0,9914
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1 . Introduction

2 . First attempt to point out a metabolite marker

3 . Second attempt presumed successful

4 . GC-C-IRMS

5 . Conclusions

OUTLINEOUTLINE

COLUMN GCCOLUMN GC
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O
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12CO2
+•

4 . GC-C-IRMS4 . GC-C-IRMS
4.1 4.1 –– PRINCIPLE OF THE ANALYTICAL MEASUREMENTPRINCIPLE OF THE ANALYTICAL MEASUREMENT
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4 . GC-C-IRMS4 . GC-C-IRMS
4.1 4.1 –– PRINCIPLE OF THE ANALYTICAL MEASUREMENTPRINCIPLE OF THE ANALYTICAL MEASUREMENT

4 . GC-C-IRMS4 . GC-C-IRMS
4.2 4.2 –– GCGC--CC--IRMS APPLIED TO 17IRMS APPLIED TO 17αα--BOLDENONEBOLDENONE

Study of 13C/12C isotopic compositions of 17α-
boldenone (after ADD treated bovine)

MM

PP

MM

PP

ΔΔ
δVPDB ‰= -28,54 ‰
for 17α−BOL

δVPDB ‰= -23 ‰
for ERC

LOD = 20 ng.mL-1

4 . GC-C-IRMS4 . GC-C-IRMS
4.3 4.3 –– NON DISCUSSED OBSERVATIONS IN OUR FIRST STUDYNON DISCUSSED OBSERVATIONS IN OUR FIRST STUDY
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4 . GC-C-IRMS4 . GC-C-IRMS

ES6ES6

ES5ES5

ES4ES4

ES3ES3

ES2ES2

ES1ES1

X10X10X50X50X5X5AAdiolAAdiol
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4.3 4.3 –– NON DISCUSSED OBSERVATIONS IN OUR FIRST STUDYNON DISCUSSED OBSERVATIONS IN OUR FIRST STUDY

4 . GC-C-IRMS4 . GC-C-IRMS
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4.4 4.4 –– GCGC--CC--IRMS MONITORING OF 2 ABUNDANT NATURAL STEROIDSIRMS MONITORING OF 2 ABUNDANT NATURAL STEROIDS
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4 . GC-C-IRMS4 . GC-C-IRMS
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4.4 4.4 –– GCGC--CC--IRMS: RESULTS REGARDING ERCsIRMS: RESULTS REGARDING ERCs
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4 . GC-C-IRMS4 . GC-C-IRMS
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-21,00

-20,00

-19,00
1 2 3 4 5 6 7 8 9 10

ETIOCHOLANOLONE 5α-ANDROSTANE-
3β,17α-DIOL
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3β,17α-DIOL
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4.4 4.4 –– GCGC--CC--IRMS: RESULTS REGARDING PRESUMED METABOLITESIRMS: RESULTS REGARDING PRESUMED METABOLITES

4 . GC-C-IRMS4 . GC-C-IRMS
4.2 4.2 –– RESULTSRESULTS

Classical testosterone ERCs are not affected by 
boldenone treatment whereas δ13CVPDB-values of 
etiocholanolone and 5α-androstane-3β,17α-diol
depleted after boldenone administration 
(δ13CVPDB down to –26‰). This experiment 
demonstrated unambiguously the metabolic link 
between boldenone and these two testosterone 
metabolites which can be used to confirm (by 
GC-C-IRMS) the illegal administration of 
boldenone (and probably ADD) to cattle.

1 . Introduction

2 . First attempt to point out a metabolite marker

3 . Second attempt presumed successful

4 . GC-C-IRMS

5 . Conclusions

OUTLINEOUTLINE
• Summary of observations

- Identification of 9 phase I metabolites 

- M2 and M4 candidate markers BUT not validated (few male urine samples 
showed signals for these two metabolites)

- Phase II metabolite study led to the identification of a specific sulphate 
conjugate, 17β-boldenone-17-SO3H

- Studies of 13C/12C isotopic compositions of boldenone metabolite. First results 
on ADD treated bovine showed

=> δVPDB
o/oo = -28,54 o/oo for 17-αBOL (LOD 20 ng.mL-1);

=> significant depletion of etiocholanolone + 5α-androstane-3β,17α-diol

5β-androst-1-en-17α-ol-3-one (M2) - 5β-androst-1-en-17β-ol-3-one (M4)

5 . CONCLUSION5 . CONCLUSION
5.1 5.1 –– SUMMARYSUMMARY


