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Asa specific classof structurally Allworkdescribedwasperformed A 250 ng sampleof the
complexmolecules,steroidhormonesonanEXTRELbenchmark'"differen- working solutioncontainingthe
havetraditionallyposeda special tiallypumpedmassspectrometer, foursteroidsresultedin the El
challenge to the analytical chemist.
Previously,themassspectral charac- Thisinstrument,equippedwithan total ion currentchromatogram
terizationof freesteroidswasdomi- EI/CIswitchablesource,was (TIC),displayed in Figure 1A.
hatedby gas chromatography/mass interfacedwiththeIquidchromatog- Thischromatogramshowsfour
spectroscopy(GC/MS) withboth raphysystembymeansof the peaksrepresentingeach of the
electron (El)andchemicalimpact (CI) ThermaBeamLC/MSinterface, foursteroids. Theirelutionorder
ionization. Lessvolatileandthermally Datawasacquiredunderfullscan is asfollows: 1.) testosterone
labilesteroidsandsteroidconjugates conditionsfrom100to500 amuat (TEST),2.) 17-methyltestosterone
required derivatization to more
volatile and stable compoundsprior 250 amu/sec. (METH-TEST),3.) testosterone
to analysis. Successfulcharacteriza- Thechromatographicsystem propionate(TEST-PRO)and
tion wasthenobtainedusing such consistedofa Waters_e1600 4.) testosteronecypionate (TEST-
techniquesas DCI, FAB,FD, SIMS MSsolventdeliverysystem,equipped CYP). Theextractedion chro-
and thermospray(LC/MS);"2 witha BrownleeLabsSPHERI-5 matogramat mass124 for the

Thisprompted an investigation RP-18reversephasecolumn samesample isshownin Figure
into the possibility of using the
benchmarkTM LC/MS equipped with (4.6 mmi.d.x 100 mm).An 1B. Thisparticularmasswas
a ThermaBeam:"particle beam isocraticelutionprogram,using chosenbecauseit iscommonto
interfaceintheanalysis ofanabolic acetonitrile/water(90/1O,v/v) as all fourcompounds.
steroids.Thebenchmarkdemon- thesolventsystem,wasrunwitha UsingtheTIC fromthe
stratesthe ability to provide dataand flow rateof0.6 ml/min. 250 ng sample,a massspec-
analysisofeachsteroidcompound. Our Testosterone(TEST),17-mett-r trumwas generatedfrom the
objectivesforthisstudywere(1)to yttestosterone(METH-TEST),testoster- testosteronepropionate(TEST-
demonstratethegeneration of library
searchable El spectrawithminimal onepropionate(TEST-PRO)and PRO)peak. Figure2A showsthe
pyrolysis fragments,2) toalleviatethe testosteronecypionate(TEST-CYP) Elspectrumof TEST-PRO.The
derivatization stepnecessaryfor werechosenastheandrogen molecularion isobservedat
GC/MS, and(3)to demonstrateuseful compoundsforanalysis.A stock mass344. Otherconstituent
quantitativedata. solution(1mg/1 ml= 1ug/1ul) fragmentsand isotopepeaksare

containingallofthesecompounds also shown.Figure2B isa
waspreparedbydissolvingina representativespectrumobtained
50%acetonitrile/_,atersolution.This fromthe positiveammoniaCI
stocksolutionwaslhenfurtherdiluted ionizationof TEST-PRO.The
toanoptimalworkingsolutionof strongsignalat 345 is M + H.
100 ng/ul,whichvvasutilized Thesignalat 271 indicatesthe
throughouttheanalysis.Appro- molecularion withoutthe propi-

PORE priate sampleinjectionvolumes onic group.MILL! were made fromthismixture. Continuedonpage4
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Figure 1 A) TheEl total ion currentchromatogramTIC)for thefourandrogencompoundsat 250 ng.
Thecompoundselutedin thefo owing order:
1.) testosterone(TEST),
2.) 17-methyhestosterone(METH-TEST)
3.) testosteronepropionate(TEST-PRO)and
4.) testosteronecypionate (TEST-CYP),as indicatedon the chromatogram.

B) TheextractedEl ion chromatogramat mass124.
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Figure 2 A) TheElmassspectrumof TEST-PROshowingthe molecularion at mass344.
5,/ Thepositiveammoniaionizationspectrum]-orTEST-PRO.
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Figure _ ThesefiguresshowanexampleofEllibrarysearchablespectrafromtheThermaBeamr'v'interface:
,_) Themassspectrumof TESTgeneratedfromdataacquisition.
0) Thetop hit returnedfroma forward librarysearchof the NISTlibrary.
G) Thecomparisonplot indicatingthedifferencesbetweenthe two spectra.

oH
/

...-_---.../'_ CH 3

o;--J;i /

500000.00 1,,

0

/

I

_ -

LinearFittingrr=773.40c+-1448.00
, /

0.00--;- -]-- i [ 1-- 1 ] 1---I
0.00 500.00 1000.00

CONCENIRA_ON

[Figure 4],Thelinearplot calibrationcurvefor METh-TEST.



Theability to generateEl Literature Cited
library searchablespectra 1. Lin,Y.Y., Smith,I_.L.
utilizingtheThermaBeamLC/MS Mass Spectrom.1984, Rev.3,
interfaceis demonstratedin 319-355.
Figure3. Testosterone(TEST) 2. Gaskell,S.J., Rollins,
was chosenas an exampleto K., Smith,R.W., Parker,C. E.
illustratethiscapability. Figure Biomed. Environ.Mass.
3A showsthe massspectrumof Spectrom.1987, 14, 717-722.
TEST.After the librarysearch,a
matchingspectrumof TESTwas
isolatedfromthe NIST library,
Figure3B. A comparisonplot,
indicating thedifferencesbe-
tween thetwo massspectra, is
shownin Figure3C.

Thecapability to produce
multiplepoint calibrationcurves
utilizingtheThermaBeamLC/MSis
demonstratedin Figure4. Data
generatedat 250 ng, 500 ng,
750 ng and 1 ugwas utilized
for thecalibrationcurvesof each
of thefour steroids. Thecalibra-
tion plot for methyltestosterone
(METH-TEST)is illustratedin
Figure4.

Conclusion
When acquired by Eland

CI ionizationtechniques,all four
androgencompoundsgenerated
interpretablespectra. The
resultingElspectracould thenbe
library searchedfor further
confirmation. All compounds
exhibitedresponsefactorsat the
given injectionvolumes. These
were thenutilized in constructing
linearcalibration plots. Usingthe
ThermaBeamLC/MS interface,

decompositionduring thechro- MILLIPOREmatographicseparationof the
complicatedspectraof fragment Extrel TM Mass Spectrometry
ionsof lessvolatile steroidsupon 575EpsilonDrive
vaporizationdid notoccur. As Pittsburgh, PA 15238-2838
a result,the need to derivatize U.S.A.
nonvolatile steroids _o enhance (412) 963-7530

thevolatilitywas avoided. FAX (412) 963-6578
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