
Anabolic Androgenic Steroid Testing by Liquid Chromatography  Quadrupole 

Time -Of -Flight Mass Spectrometry in Urine

E. A. Guice, M.S.
Western Slope Laboratory, LLC 1197 Rochester Rd Troy, MI 48083

Abstract

Sports Doping is one of the hottest topics in sports from high school

through the professionallevels. In the arena of sports doping,Anabolic

AndrogenicSteroids(AASs)are usedfor quickgains,buildingleanmuscle,

and increasingstrength. AASshavebeen shown to mimic the actionsof

malesex hormones. There are severalbenefitsto AASsleadingto their

approval for treatment of several disorders including chronic wasting

conditions,growth disorders,andanemia.Thebenefitsof takinganAASfor

manyoutweighthe risks. In an effort to deter athletesfrom usinganAAS,

regulatoryorganizationslike the World Anti-DopingAgency(WADA) has

establisheda list of banned substancesfor competition in sports. In

addition, WADA has suggestedinstrumentation to use for testing to

ensurethe most accurateandprecisetestingpossible. Sportsdopingtests

asperformedin the United Statesper WADA are expensive,prohibitively

so in manycases.As such,we developeda hyphenatedpanelthat cover the

most common WADA banned substancesby High Pressure Liquid

ChromatographyQuadrupoleTime-Of-FlightMassSpectrometry(LC/Q-

TOF MS). Usingthis platform,we are ableto duplicatethe sensitivityof a

singlequadrupoleinstrument while increasingthe accuracydue to the

exactmasscapabilities.

Methods & Materials

Urine sampleswere spikedwith internalstandard,cleanedup by solidphase

extraction,andrun on a 19-analyteLC/Q-TOF MSmethod.

SampleCollection& Preparation:

Urine sampleswere collected using standardpractices,transferred to a

Monovette®, andshippedto the laboratoryfor testing. 5mL of eachsample

was addedto a 15mL glasscentrifugetube. Samplesare hydrolyzedand

spiked with internal standard. Post hydrolysis,8% v/v of Carbonate and

Bicarbonatebufferswere addedto eachsample,vortexed,andappliedto a

column.Samplewere eluted,dried,andreconstitutedwith 100%methanol.

Standards:

All standards were purchased from Cerilliant with the exception of

Clostebol,6ɼ-Hydroxyboldenone,Oxandrolone,and Oxymesteronewhich

were purchasedfromAlltech.

InstrumentationandMethod:

Sampleswere run on a MicromassQ-TOF-2 coupledto an Alliance2795

HPLC Autosampler. The massspectrometer was calibratedaccordingto

manufacturerõsguidelinesand the LTEFFwas set usingTestosteroneas a

reference. Mobile phasecontained2.5mM AmmoniumFormateand2.5mM

AmmoniumAcetateinWater andMethanolfor A andB,respectively.

Methods & Materials, Continued

InstrumentationandMethod,cont.:

All sampleswere run on a Pinnacle®DB Biphenyl5µm 140Å 150X

2.1mm Column (Restek)exceptTestosterone,Epitestosterone,and

Dehydroepiandrosterone(DHEA) whichwastestedon anEpicC18

MS5µm 120Å 150 X 2.1mm HPLCColumn (ESIndustries). Please

note the internalstandardwasrun on both columns.
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Graph 1: Total Ion Count for Biphenyl Run Graph 2: Total Ion Count for C18 Run

Results

We were able to run all 20 compounds,includingthe internal

standard,in a singlerun on the C18 column achievinggreat

separation for 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 6ɼ-
Hydroxyboldenonein GraphFour; the resolutionandthe mass

contribution in the spectrum(not shown)of the compoundare

remarkablybetter on the Biphenylcolumn.TheBiphenylcolumn

does not separateTestosteroneand Epitestosteronewell. As

such,to optimize the chromatographyfor eachcompound,all

the exogenousAASswere testedon the Biphenylcolumnwhile

the endogenouscompoundsremainedon the C18 column.

Biphenyl Column: Testosterone and Epitestosterone

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

C18 Column: 6 ɼ-Hydroxyboldenone Biphenyl Column: 6 ɼ-Hydroxyboldenone 

Graph 4: 6ɼ-Hydroxyboldenone on the C18 and Biphenyl Column Respectively

Summary & Conclusion

It hasbeenshownthat AASshasdetrimentaleffectson humans

even when taken at low doses. Despite the negative

consequences,AASsare 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 past few decadesto ensurethe healthand safetyof

individuals.When examiningthe AASs,most laboratoriesutilize

Enzyme-Linked ImmunosorbentAssay(ELISA),High Pressure

Liquid 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 testing1,2,3. By taking

advantageof the benefits of liquid chromatography (no

derivation)andmassspectrometry(sensitivity),more accurate

testingcouldbe developed.This testingis calledLC/Q-TOF MS

which offers sensitivitywith limits of detection in 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 single run in urine

without interference4. We were able to demonstrate

consistentresults for commonAASsnot previouslytested for

by Touber et. al. with great separationfor the endogenous

epimersat low concentrations. Therefore,the LC/Q-TOF MS

method asdescribedcanbe usedto test for AASsin urine at

WADA cutoff levels.Moreover,this methodappearsrobust and

adaptableto lower volumeswhichallowsfor universaluse.
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Table 1: Steroids in the Panel 

C18 Column: Testosterone and Epitestosterone


