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2.1 - OBJECTIVES

Find a candidate diagnostic metabolite
marker fulfilling the following conditions:

- Always present whatever the treatment
- Sufficiently abundant for the long-term
detection of steroid abuse

- Never found in non-treated animals

M#=432
GC=11.55 min
2.3-CHEMICAL STRUCTURE ELUCIDATION LC=VI-VII

BOLD+ADD BOLD ESTERS ADD BOLD ESTERS BOLD ESTERS
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24— FIRST ATTEMPT FAILED

2.2 — ANIMAL EXPERIMENT

I treatment with boldenone + ADD
1 day oral treatment with ADD (0,2 mg/ml) + B-BOLD (2 mg/ml), single
administration dose = 5 mg/calf/diet

+ oral treatment with boldenone esters
3 days oral treatment with Boldenone esters (BOLD acetate, BOLD
benzoate, BOLD propionate, 2+2+1) dose =100 mg/calf/diet

+ oral treatment with ADD
6 days oral treatment with ADD, dose = 100 mg/calf/diet

» oral treatment with boldenone esters
5 days oral treatment with BOLD esters, dose = 100 mg/calf/diet

« intramuscular injection of boldenone undecylenate
250 mg IM BOLD esters

« oral treatment with ADD

2.3 -~ CHEMICAL STRUCTURE ELUCIDATION

BOLD+ADD BOLD ESTERS ADD BOLD ESTERS BOLD ESTERS
(po) [(:9)) [(19)) (po) (IM)
+—+ + + + ++
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2.4 —FIRST ATTEMPT FAILED

M2 \

&-androsﬂ-enl?;—ul—?:—une 1267 min

M4 ‘ mi ++
B-androst-en-3a-0k17-one | 1283 min ND
ndrostl,4diene3,17dione 1321 min

2.4 —FIRST ATTEMPT FAILED BOLD+ADD (po)

24— FIRST ATTEMPT FAILED

2.4 —FIRST ATTEMPT FAILED

- DETERMINE BOLD + ADD METABOLITES IN URINE
- PRESENT WHATEVER THE TREATMENT
- SUFFICIENTLY ABUNDANT

- NOT FOUND IN NON-TREATED ANIMALS

M2, M4

2.4 —FIRST ATTEMPT FAILED BOLD ESTERS (0o

-

2.4 —FIRST ATTEMPT FAILED BOLD ESTERS (IM)
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3.1 - 170 and 17B-BOLDENONE 3.2~ ANALYTICAL STRATEGY FOR PHASE Il METABOLISM STUDY
ESPE C18
SPE NH,*

SPE Chrom P on Hydrolysis on Solvolysis
Free fraction Glucuronide fraction Sulfate fraction

SPE Chrom P

SPE SiOH

MS DERIVATION

3.3 -PHASE Il METABOLISM: TENDANCY 3.4 - DIRECT MEASURENT OF CONJUGATES BY LC-NEG(ESI)-MS/MS

A=ORAL TREATMENT WITH BOLDENONE+ADD

Metabolite structure O ( ) (OI)

5p-androst-1-en-17-ol-3-one S5V g 60V T
5p-androst-1-en-17p-ol-3-one

5p-androst-1-en-3p-ol-17-one

17a-boldenone
boldenone

LC-MS/MS, NEG-ESI, SRM




ORAL ROUTE
ADD 200 mg

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

ORAL ROUTE
ADD 200 mg

3.4 - DIRECT MEASURENT OF CONJUGATES BY NEG(ESI)-MS/MS

365>177

365>97
17B-BOLDENONE

365>350

IM — BOLDENONE
UNDECYLENATE 200 mg

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

10N - 3.6 ng.mL STANDARD

17B-BOLDENONE

YSIS

GC-MS/MS

ORAL ROUTE
ADD 200 mg

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

365>177

VR
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UNDECYLENATE 200 mg

3.4 - DIRECT MEASURENT OF CONJUGATES BY NEG(ESI)-MS/MS

g.mL
365>177
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3.5 - DIRECT MEASURENT OF CONJUGATES BY LC-NEG(ESI)-MS?
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NON COMPLIANT per os 5 mg ADD+ B-boldenone 90 min after treatment




3.5- DIRECT MEASURENT OF CONJUGATES BY LC-NEG(ESI)-HRMS? 3.5 - DIRECT MEASURENT OF CONJUGATES BY LC-NEG(ESI)-HRMS?

API lon source Linear lon Trap C-Trap ORBITRAP

Frequence - Fourier Tranform > Mass spectrum

3.5 - DIRECT MEASURENT OF CONJUGATES BY LC-NEG(ESI)-HRMS? 35— DIRECT MEASURENT OF CONJUGATES BY LC-NEG(ESI)-HRMS?
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NON COMPLIANT per os 5 mg ADD+ B-boldenone 90 min after treatment
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4.1-PRINCIPLE OF THE ANALYTICAL MEASUREMENT

4.3~ NON DISCUSSED OBSERVATIONS IN OUR FIRST

Androst-4-ene-3,17-dione (AED) Etiocholanolone (Etio

0
9

Epiandrosterone (EpiA)

ES2

4.4 — GC-C-IRMS MONITORING OF 2 ABUNDANT NATURAL STEROIDS

X 50

ETIOCHOLANOLONE

50-ANDROSTANE-3B,17a.-
DIOL
X 50

4.2 - GC-C-IRMS APPLIED TO 17a-BOLDENONE

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

SVPD
for 17a-BOL

8VPDB %o0= -23 %o —
for ERC I M I A

LOD = 20 ng.mL"?

4.4 — GC-C-IRMS: RESULTS REGARDING ERCs

—— DHEA S corr ——5ENE corr




4.4 - GC-C-IRMS: RESULTS REGARDING PRESUMED METABOLITES

|—d— Etio corr == 5ANE corr
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4.2 -RESULTS

Classical testosterone ERCs are not affected by
boldenone treatment whereas 3'3C, pp-values of
etiocholanolone and 5a-androstane-3(3,17a-diol
depleted after boldenone  administration
(3°Cyppg 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.

5.1 - SUMMARY

» Summary of observations
- Identification of 9 phase | metabolites

- M2 and M4 candidate markers not validated (few male urine samples
showed signals for these two metabolites)
o1 Q o (AN
Sp-androst-1-en-17a-ol-3-onc (M2) S
- Phase |l metabolite study led to the identification of a specific sulphate
conjugate, 17p-boldenone-17-SO;H

- Studies of $3C/**C isotopic compositions of boldenone metabolite. First results
on ADD treated bovine showed
=> 8,ppg %o, = 28,54 %/ for 17-aBOL (LOD 20 ng.mL);

VPDB ‘00

=> significant depletion of etiocholanolone + 5a-androstane-3f,17a-diol




