AnabellcAndfegenic Sterold testing by higuid Chromatographya Quadiupele
Time:=-Of-Flight: Mass Spectrometny-iniJine

Abstract

Sports Doping is one of the hottest topics in sports from high school
through the professionallevels In the arenaof sports doping,Anabolic
AndrogenicSteroids(AASs)are usedfor quick gainsbuildingleanmuscle,
and increasingstrength AASshavebeenshownto mimic the actions of
male sex hormones There are severalbenefitsto AASsleadingto their
Approval for treatment of several disorders including chronic wasting
aditions growth disorders andanemiaThe benefitsof takingan AASfor
outweighthe risks In an effort to deter athletesfrom usingan AAS,
pryorganizationsike the World Anti-Doping Agency(WADA) has
2da list of banned substancesfor competition in sports In
DA has suggestedinstrumentationto use for testing to
L accurateand precisetestingpossibleSportsdopingtests
e United Statesper WADA are expensiveprohibitively
chwe developeda hyphenateganelthat coverthe
banned substancesby High Pressure Liquid
ole Time-Of-Flight MassSpectrometry (LC/Q-
rm,we are ableto duplicatethe sensitivityof a
ent while increasingthe accuracydue to the

hds & Materials

lwith internal standardcleanedup by solid phase
Fanalyte C/Q-TOF MSmethod

ation

cted using standard practices,transferred to a
o the laboratoryfor testing 5mL of eachsample
was addedio a glasscentrifugetube. Samplesare hydrolyzedand
spiked with internal standard Post hydrolysis,8% v/v of Carbonate and
Bicarbonatebufferswere addedto eachsampleyortexed,andappliedto a
column Samplewvere eluted,dried,andreconstitutedwith 1000methanol
Standards

All standards were purchasedfrom Cerilliant with the exception of
Clostebol,6r -HydroxyboldenoneOxandrolone,and Oxymesteronewhich
were purchasedrom Alltech.

InstrumentaticandMethod

Samplesvere run on a MicromassQ-TOFR2 coupledto an Alliance2795
HPLC Autosampler The massspectrometer was calibratedaccordingto
ma n uf a oguidelmesandtbe LTEFFwas set using Testosteroneas a
reference Moblle phasecontained2.5mM AmmoniumFormateand 2.5mM
AmmoniumAcetatein Water andMethanolfor A andB,respectively
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Methods & Materials, Continued

InstrumentaticandMethodgont:

All samplesvere run on a Pinnacle®DB Biphenybum 1404 150 X
2.1mm Column (Restek)except Testosterone Epitestosteroneand
DehydroepiandrosterondDHEA) whichwastestedon an EpicC18
MS5um 1204 150 X 2.1mm HPLC Column (ESIndustries) Please
note the internalstandardwasrun on both columns

Steroids in Panel
Boldenone
Clenbuterol
Clostebol
DHEA
Epitestosterone

Formestane
a pHydroxyboldenone
a pHydroxyfluoxymesterone
3'-Hydroxystanozolol
Methandrostenolone
Nandrolone
19-Norandrosterone
Oxandrolone
Oxymesterone
Stanzolol
Testosterone
Tetrahydrogestrinone

Table 1: Steroids in the Panel

Fluoxymesterone —

TP 6.32 288

Results

We were ableto run all 20 compoundsjncludingthe internal

standard,in a singlerun on the C18 column achievinggreat
separationfor Testosterone and its epimer, Epitestosterone
(Graph Three). Though,the AASsperformed well on the C18

column we were able to get better resolution of the

metaboliteson the Biphenylcolumn Seecomparisonof 6y -

Hydroxyboldenonan Graph Four, the resolution andthe mass
contribution in the spectrum(not shown)of the compoundare

remarkablhyoetter on the Biphenylcolumn The Biphenylcolumn
does not separateTestosterone and Epitestosteronewell. As

such,to optimize the chromatographyfor eachcompound,all

the exogenousAASswere testedon the Biphenylcolumnwhile

the endogenousompoundsemainedon the C18 column
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Graph 1:Total lon Count for Biphenyl Run Graph 2:Total lon Count for C18 Run

C18 Column:Testosterone and Epitestosterone

Graph 3:Testosterone and Epitestosterone on the C18 and Biphenyl Column Respectively

C18 Column: 6 1 -Hydroxyboldenone

Graph 4. 61 -Hydroxyboldenone on the C18 and Biphenyl Column Respectively

Biphenyl Column:Testosterone and Epitestosterone

Biphenyl Column: 6 [ -Hydroxyboldenone
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Summary & Conclusion

It hasbeenshownthat AASshasdetrimentaleffectson humans
even when taken at low doses Despite the negative
consequencepASsare usedby severalwho are seekingthe

lean muscle, increase in strength, and the quick gains
Regulationsof AASs by the Food and Drug Administration,
WADA, and similar organizationshas increasedsignificantly
over the pastfew decadeso ensurethe health and safetyof

iIndividualsWhen examininghe AASsmost laboratoriesutilize

Enzymelinked ImmunosorbentAssay (ELISA)High Pressure
Liguid Chromatography Tandem Mass Spectrometry
(LC/MS/MS),or Gas Chromatography Mass Spectrometry
(GC/MS) Several have demonstrated the efficacy of using
LC/MS/MSurine and blood for AAS testing>3. By taking
advantageof the benefits of liquid chromatography (no

derivation) and massspectrometry(sensitivity) more accurate
testingcould be developedThistestingis calledLC/Q-TOF MS
which offers sensitivitywith limits of detectionin the low ppb

range while being more accurate,less than ten ppm, than

LC/MS/MS Touber et al. (2007 demonstratedthat AASsand

other compoundscan be detected in a singlerun In urine

without interferencé. We were able to demonstrate
consistentresultsfor common AASsnot previouslytested for

by Touber et al with great separationfor the endogenous
epimersat low concentrations Therefore,the LC/Q-TOF MS
method as describedcanbe usedto test for AASsIn urine at

WADA cutoff levels Moreover,this method appeargobust and

adaptabldo lower volumeswhichallowsfor universaluse
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