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DeterminationMethodfbrSteroidSabReductaseActivityUsingLiquid 
Chromatography/AtmosphericPressureChemicallonization-Mass 
SpectrOmetry 

KunikoMITAMuRA,ChieOGAsAwARA,AsamiSHIozAwA,ErilKaTERAYAMA,and 
KazutakeSHIMADAf 
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AdetenninationmethodfOrsteroid5aLreductaseactivityusingliquidchromatography/atmosphericpressurechemical 
ionization-massspectrometry（LC/APCI-MS）inthepositive-ionmodehasbeendeveloped，Theratprostaticenzyme 
sourcewasusedandtheenzymaticallyfOnned5Mihydrotestosteroneand5a告androstane-3a,17βdiolweredetermined
byLC/APCI-MSusingabsolutecalibrationcurvemethodThesumofthefbrmedｐｒｏｄｕｃｔｓｗａｓｕｓｅｄａｓａｍｅasurement 
oftheenzymeactivity・Thismethodwasappliedtokineticstudyofthisenzymeandinhibitoryexpenmentsusing
Finasteride②asamodelinhibitor． 

(ReceivedJuly7,2005;AcceptedAugust9,2005） 

Introduction Experimental 

Testosterone(T)ismetabolizedto5adihydrotestosterone(5α 

DHT)，whichisproducedbythecatalysisofsteroid5a 

reductase(5αRed),andothermetabolitesinhumans(Fig.１).I 
Itiswellknownthattheseandrogens，ｐｒｉｍａｒｉｌｙ５ａＤＨＴ，is 

responsiblefbrthedevelopmentofbenignprostatehyperplasia 
(BPH）orprostatecancer、Ｉｎｈｕｍａｎｓ，whichspontaneously
developBPHwithage,twoisoenzymes（5ａＲｌａｎｄ５ａＲ２）ｏｆ 

SaRedhavebeenidentifiedandareover-expressedinBPH､Z1t 
isimportanttodevelopthe5“Redinhibitor，suchas 

Finasteride③，fOrBPHandprostatecancer､３Althoughseveral 
detenninationmethodsfOrthe5cUとRedactivityhavebeen
reported，thesemethodsusedradiolabeledTasasubstrateand 
theconsumedradiolabeledTorfOnnedradiolabeled-5aDHT 

and‐5aandrostane-3a,17βdiol（3a5adiol）wasmeasured 

usingHPLC4orTLC5witharadioactivitydetector・The
treatmentoftheradiolabeledcompoundisnotconvenientfOr 
routineanalysisandthedeterminationmethodfOrthe5a-Red 

activitywithoutusingaradiolabeledcompoundisrequiredfOr 
thestudyoftheenzymepropertiesordevelopmentofa5aRed 
inhibitor・

Inthisstudy，wedevelopedadetenninationmethodfOrthe 

5a-Redactivityusingliquidchromatography/atmospheric 
pressurechemicalionization-massspectrometry（LC/APCI-
MS)．Theratprostaticenzymesourcewasused，ａｎｄthe 

enzymaticallyfOnned5a-DHTand3a5cMiolweredetermined 

byLC/APCI-MSusingabsolutecalibrationcurvemethod・The

sumofthefOnnedproductswasusedasameasurementofthe 

enzymeactivityThismethodwasappliedtokineticstudyof 
thisenzymeandinhibitoryexpenmentusingFinasteride③asa 
modelinhibitor． 

LCZ4PCﾉＬＭＳ 

ＬＣ/APCI-MSwasperfOrmedusingaLCQ(ThermoElectron， 

SanJose，ＣＡ，ＵＳＡ）liquidchromatograph/iontrap-mass 

spectrometerconnectedtoaPU-980（Jasco，Tokyo，Japan） 
chromatograph，ａｎｄｔｈｅＡＰＣＩ（positive-ionmode）was 
employedAChromolithPerfbrmanceRP-l8e（100×４．６ｍｍ 

i､｡.;Merck,Darmstadt,Germany)wasusedataHowrateofLO 
ml/minand40oCTheionizationconditionswereasfbllows、

Ionsourcecurrent,5トLA;vaponzertemperature,550.O

capillarytemperature，230°Ｃ；capillaryvoltage，２０Ｖ；sheath 

gasHowrate，８０units；tubelensoffSetvoltage，２０Ｖ・All
steroidswereanalyzedintheselectedionmonitoring（SIM） 
ｍode． 

MZJrerjah 

T，Sa-DHTandandrosteronewerepurchasedfromTokyo 

ｆ綴豐qSEi弩qﾀﾞろ
､ＪＣｓｒｗ……… 

LL殿署.ｑＳｌ３ｉ竺:職
3α,56-dIoIetiochoIanoIone 56-DHT 

FiglMetabolicpathwayofT、５βLRed:５β1℃ductase,３ａＨＳＤ：
30mydroxysteroiddehydrogenase，１７βHSD：１７βhydroxysteroid 
dehydrogenase． 
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Recoveliesq/5αDHTα"`Ja5a-djoﾉ加加i"Ｍ）αrjo"med伽

Thefirstsetofblankincubationmeｄｉａｓｐｉｋｅｄｗｉｔｈ５ａＤＨＴ 

(５，２０，９/tube)ａｎｄ３ａ,5αｄｏ](２，１０，９/tube),andthesecond 
setoftheblankincubationmedia(ｗｉｔｈｏｕｔ５ａＤＨＴａｎｄ３ａ,5αと

dioDwerepretreatedasalreadydescribed,andthenthesame 
amountof5oﾄＤＨＴａｎｄ３ａ,5αdiolwereaddedtothesecond 

set．Ｂothsetswerepreparedinduplicate,andsubjectedtothe 
LC/APCI-MSanalysis・Thepeakareasobtainedfromthefirst
setandthesecondsetweredefinedasAandBrespectively・

Therecoveryrateswerecalculatedａｓ(A/B)×１００． 

KaseiKogyo(Tokyo),ａｎｄ５βdihydrotestosterone(5βDHT)， 
3α’5a-dio１，５βandrostane-3ql7βdiol（3α’5βdiol）and 
etiocholanolonewereobtainedfromSteraloids（Newport,ＲＩ， 

USA）Finasteride②and16,16,17-trideuterated5aDHT｛[2H3]‐ 
5αDHT｝weredonatedfromTeikokuHormoneMedical 

Research（Kawasaki，Japan)．βNADPH（NADPH）and 
dithiothreitol(DTT)ｗｅｒｅobtainedfTomWakoPureChemica］ 

(Osaka，Japan）andNacalaiTesque（Kyoto，JapanL 
respectively・OasisHLBcartridges（６０ｍｇ，３mDwere
purchasedfromWaters(MilfOrd,ＭＡ,ＵＳＡ),andsuccessively 
conditionedwithＭｅＯＨ(ＺｍＤａｎｄＨ２０(２ｍl)priortouse、All

otherchemicalsusedwereofanalyticalgrade． AccLlmCyaMrﾋﾞPro｡"cibjﾉﾉ､ノ

５０ﾄＤＨＴ(5,10,30,40,9/tube)ａｎｄ３ａ５ａｎｉｏｌ(2,5,30,40 

,9/tube）wereaddedtotheblankincubationmedium（〃＝５)，

andafterpretreatment,theobtainedsamplewassubjectedtothe 

LOAPCI-MSanalysis． 

Preparmjo"q/e"Zymeso"rce 

Theenzymesourcewaspreparedbymodificationofthe 
methoddescribedbySpaneraL6Wistarstrainmalｅｒａｔｓ（７ 
weeksold;JapanＳＬＣ,Hamamatsu,Japan）weredecapitated 
andthewholeprostatewasremovedTheprostate(cα､０３９） 

ｗａｓｈｏｍｏｇｅｎｉｚｅｄｉｎｌｍｌｏｆ４０ｍＭｓｏｄｉｕmphosphatebuffer 
(ｐＨ6.5)containingsucrose(0.302Ｍ)ａｎｄＤＴＴ（ｌｍＭ)using 
anultrasonichomogenizer（VibraCelLIedaBoueki,Tokyo） 

ThehomogenatewascentrifUgedfOrlOminatl500gand4oC 
andthesupernatantwasfUrthercentrifUgeｄｆＯｒｌｈａｔｌＯ５０００ｇ 
ａｎｄ４ｏＣ・Theresultingprecipitatewasresuspendedinlmlof
40mMsodiumphosphatebuffer(ｐＨ7.5）containingsucrose 
(０３０２Ｍ）ａｎｄＤＴＴ（１，Ｍ）andusedastheenzymesource、

AllassayswereperfOrmedonafiPeshlypreparedenzyme 
source、Theproteinconcentrationswereestimatedbythe
methodofBradfOrd7usingbovineserumalbuminasthe 

referenceprotein． 

Ki"αｊｃａ"ｄｊＭｊｂｊｍＤﾉsr"djesqf5aLhd 

VaryingconcentrationsofT（finalconcentration：0.25,0.5, 

1.25,2.5,5,10ＵＭ)wereincubatedwiththefreshlyprepared 
ratprostaticenzymesource（O1mgprotein),andthefOrmed 

5aとＤＨＴａｎｄ３ａ,5adolweredeterminedasalreadydescribed・

TheMichaelisconstant(K､)andmaximumvelocity(Vmax)were 

calculatedfTomtheLineweavelBurkplotsofl/ｖ(nmol/ｍin/ｍｇ 

ｐｒｏｔｅｉｎｏｆｓｕｍｏｆ５ａＤＨＴａｎｄ３ａ,Sa-diol)ｖｅｍ"ｓｌ/[S](ＵＭｏｆ 

Ｔ)．FivedifferentenzymesourceswereusedfOrthis 
calculation、

FiftypercentoftheinhibitoryConcentration（ICSC）of 
Finasteride⑪wasmeasuredwiththeinhibitor（final 

concentration:0,10,50,100,200,400,500,1000,Ｍ),Ｔ(final 

concentration:２０１JLM）ａｎｄＮＡＤＰＨ（finalconcentration：１．６８ 

，Ｍ)．Themediumwasincubatedwiththefreshlypreparedrat 

prostaticenzymesource(0.2mgprotein)ｆｂｒ６０ｍｉｎａｔｐＨ５５， 
andｔｈｅｆＯｒｍｅｄ５ａＤＨＴａｎｄ３ａ５ｃＭｉｏｌｗｅredetermnedas 

alreadydescribedThemeanofthetwoexperimentsusingone 

prostaticenzymesourcewasusedforthecalculationofthelC5o． 

Assayq/neMd5aL雌｡ααMjy

Aseriesofpreliminaryexperimentswithvariousincubation 
tiｍｅｓ(３０－１２０ｍin),ｐＨ(５－７．５),andenzymesourceamounts 

(0.025-0.2mgprotein)werecarriedoutinordertooptimize 
theenzymeassayconditions・The5aLRedactivityassay
evaluatedtheconversionofTto5aとＤＨＴａｎｄ３ａ,5adioLThe

standardincubationconditionswereasfOllowsTheincubation 

mediuｍｃｏｎｔａｉｎｅｄ２０ｕｌｏｆ３４ｍＭＮＡＤＰＨ（final 

concentration;0.84,Ｍ),Ｚ０ＵｌｏｆＯ､４ｍＭＴ(EtOHsolution） 

(finalconcentration；１０１１Ｍ）asthesubstrate,andtheenzyme 

source(O1mgprotein)wasmadeuptoaO8mltotalvolume 
with40mMsodiumphosphatebuffer（ｐＨ７０）containing 
sucrose（０３０２Ｍ）ａｎｄＤＴＴ（１，Ｍ)．Themixturewas 

incubatedat37ｏＣｆＯｒ６０ｍｉｎａｎｄｔｈｅｒｅａｃｔｉｏｎｗａｓｓｔｏppedby 

theadditionofMeCN(1.5ｍl)andicecooling、Thesamplewas

dilutedwithH20(４mDandappliedonanOasisHLBcartridge 

AfterwashingwithH20（Ｚｍｌ）ａｎｄ４０９６ＭｅＯＨ（２ｍl)，the 
desiredsteroidswereelutedwithAcOEt（１ｍl）andthen 

evaporatedunderaN2gasStream・Theresiduewasdissolvedin
MeOH(30111)andlOUlofwhichwassubjectedtoLC/APCI‐ 
ＭＳ[mobilephase,MeOH-H20(2:1);monitoringion,、/2273.1
(5αDHT)and257.1(3α’5ou-diol);Theotherconditionswereas 

alreadydescribedlTheamountsoftheproductswere 

calculatedusingtheabsolutecalibrationcurvemethod 

ResultsandDiscussion 

LCZzlPCJ-MS 

Firstofall，authenticT（substrate)，５αDHT，３ａ５Ｍｉｏｌ 

(products)andotherrelatedandrogens(5βDHT,３q513-diol， 
androsteroneandetiocholanolone),whichmaybeenzymatically 

fOrmeda､｡/ｏｒｅｘｉｓｔｉｎｔｈｅｅｎｚｙｍｅｓｏｕｒｃｅａｓｅｎｄｏgenous 

androgens，wereseparatedusingLC/APCI-MSinthepositive-

ionmode、Recently，amonolithiccolumn8hasbeenwidely

usedfOrthehighthroughputHPLCanalysis．Weused 

ChromolithPerfOrmanceRP-l8efOrtheseparationoftheabove 

describedcompoundsThek′valuesandionsofbasepeaks 
werelistedinTableLBecausetheionsofbasepeaksprovide 

thehighestdetectionsensitivity,theseionswereselectedasthe 

momtoringionsfOrSIM・WhenthemobilephaseofMｅＯＨ－Ｈ２０

(2:1）ａｎｄＳＩＭｗｅｒｅｕｓｅｄ,theseparationof3a,5adiol(ん'2.19,

'"ん257.1)ａｎｄ３ａ５βLdiol(A'2.27,雌257.1)couldnotbeen
obtainedalthougbtheseparationofotherrelatedsteroidswas 

obtainedButthefOrmationof5βDHT，３α5βdioland 
etiocholanolonehasnotbeenobservedintheincubation 

mediumandtheblankincubationmedium,whichmeansthe5β 
steroidswerenotenzymaticallyornon-enzymaticallyproduced 
inthesemediaasdescribedbelow・Thesedataarealso

confirmedbyusingtheconventionalcolumn［J，sphereODS-

H80(ＹＭＣ,Kyoto);４１１，，１５０×４．６ｍｍ;Tableｌ］andweused 
ChromolithPerfOrmanceRP-l8eandMeOH-H20（2:Dasa 

columnandmobilephase,respectively,fbrtheseparationofthe 

Ｃａﾉﾉbrmjo〃ｃ"ハノeｓ

５αＤＨＴ(5,10,20,30,40ｎｇｉｎ４０ＵｌｏｆＥｔＯＨ)ａｎｄ３ａ,5a 

diol(2,5,10,20,30,40ｎｇｉｎ４０ＵｌｏｆＥｔＯＨ)wereaddedtothe 
standardincubationmediumwithoutNADPH(blankincubation 

medium),andtheresultingsolutionwaspretreatedandanalyzed 

byLC/APCI-MSasalreadydescribedThecalibrationcurves 
wereconstructedbyplottingthepeakareasofthesteroidsO） 
vem"stheamountofthesteroids(､g/tube)(x)． 
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Fig.２Typicalmassfragmentogramsof5aとＤＨＴａｎｄ３ａ,5ａＬｄｉｏＬ

(a）Authenticsamples（２０，９/tube)，（b）extractsfmmincubation 
mixturean。（c）extractsfromincubationmixturewithdeactivated

enzyme、ＳＩＭ:ＳａＤＨＴ("z/2273.1),３α’5aLdiol(､/22571)．

substrateandtheproducts・Ｔｈｅｌｉｍｉｔｓｏｆｄｅｔｅｃｔｉｏｎｏｆ５ａＤＨＴ

ａｎｄ３α,50ＭｉｏｌｗｅｒｅＬ６ｎｇａｎｄ６００ｐｇ（signaUnoise＝５)， 

respectively． 

Dae伽"α"o〃cﾂﾞe"Z)wzarjcaﾉﾉy/ｂｍｚｅｄ５ａＤＨＴα"d3a5a-djoノ

TwasincubatedwiththeenzymesourｃｅａｎｄＮＡＤＰＨ，and 

afterthepretreatlnent，theextractswereanalyzedusing 

LC/APCI-MSinthefUllscanmode("z/2250-300)．Thepeaks 

correspondingto5a-DＨＴａｎｄ３ａ,5adiolappeared，andthese 

wereidentifiedbycomparisonwithauthenticsamplesbasedo、

theirchromatographicbehaviorobtainedusingtwodifferent 

columns(ChromolithPelfOrmanceRP-l8e,Ｊ，sphereODS-H80） 

andthemassspectra,Nootherpeakoriginati､gfromthe 

enzymereactionandanendogenoussteroidintheratprostate， 

suchasthe5βreducedsteroid,wasobservedltisreportedthat 
5βrcductaseexistsinthecytosolfTactionofliver.，Thercfbre， 
ｔｈｅｓｕｍｏｆ５ａ－ＤＨＴａｎｄ３ａ,5α-diolwascalculatedasthe 

amountofproductsinthefOllowingkineticsstudiesTypical 

massfragmentograｍｓｏｆ５ａＤＨＴ("z/２２７３１）ａｎｄ３ａ,5ａｄｉｏｌ 
(､/2257.1）intheextractsfromthestandardincubationmixture 
andfTomtheincubationmixturewiththeheat-deactivated 

enzymeareshowninFig2・

Althoughthecalibrationcurvesshouldbedrawnwiththe 

internalstandards（ISS)，whichshouldbethestableisotope 

labeledanalytes，theselSscorrespondingto5aDHTand 

3α,5adolwereneithercommerciallyavailablenoreasyto 

synthesize、Ｗｅｔｒｙｔｏｕｓｅ［2Ｈ３]-5αＤＨＴａｓｔｈｅｌＳ，but

satisfactorycalibrationcurvｅｆＯｒ３ａ,5ＣＭiolhasnotbeen 

obtainedTherefOre，ｗｅａｔｔｅｍｐｔｅｄｔｏｕｓｅｔｈeabsolute 

calibrationcurvemethodfOrthedeterminationoftheproducts・
Inordertoassessthelinearity，ablankincubationmedium 

spikedwithgraduatedamountsof5aとＤＨＴａｎｄ３ａ,5adiol

wereanalyzedbyLC/ＡＰＣＩ－ＭＳ，andtheregressionlineswere 

constructedbyplottingthepeakareasofthesteroiｄｓ(y)ｖｅｍ"s 

theamountofthesteroids(ng/tube)(Ｘ)．Bothlinesconstructed 

using5aDHＴａｎｄ３ｑ５ａとdiolshowedgoodlinearities｛Ｙ＝
0.990(±0.236)Ｘ－Ｏ３５８(±1.68)，Ｙ＝3.59(±0.67)Ｘ＋ 

2.71(±474);ｍｅａｎ±ＳＤ.,respectively,slopeandintercept(× 

105),〃＝５（inter-dayassay)}withacorrelationcoefficient(r2）
ofgreaterthan＞０９９｛0.997±０．００３ａｎｄ0.998±0.001(ｍｅａｎ± 

ＳＤ.),respectively｝withintherangeof5-40ng/ｔｕｂｅａｎｄ２－ 

４０ｎｇ/tube，respectively，andnearlypassedthroughtheorigi、

However，theslopesvariedamongtheinter-dayassay，sowe 

usedanewlypreparedcalibrationcurvefOreachassay・

Therelativestandarddeviation（ＲＳＤ.）ofthecalculated 

amountsof5aとＤＨＴａｎｄ３ａ,5cMiolspikedintheblank
incubatioｎｍｅｄｉｕｍｗｅｒｅｌｏｗｅｒｔｈａｎｌ５９６ａｎｄｌ0％， 

respectivelyAlthoughthereproducibilityofthe5aDHT 

determinationnearthequantificationlimit（５，９/tube）ｗａｓ 

ｓｏｍｅｗｈａｔｌｏｗ，ｔｈｅａｃｃｕｒａｃｙｏｆｔｈｅａｓｓａｙｆｂｒ５〃ＤＨＴａｎｄ

３ａ,5α色diolweresatisfactory（９４０－１１０９６ａｎｄ98.0-109,

respectively)(Table２） 

Theabsoluterecoveryratesfromtheblankincubation 

mediumareasfOllｏｗｓ（mean，〃＝２)：５αＤＨＴ（５，９/tube，

107％；２０，９/tube，92396)，３α’5adiol（２，９/tube’106％；ｌｏ 
ｎｇ/tube,96.0％)． 

Ｋｊ"e"cα"‘j"/z伽oXysmd/esqノブa-Red

InordertoestimatetheproposedmethodfOrtheassayofthe 

5aRedactivity,ＫｍａｎｄＶｍａｘｆｏｒＴ,andthelC50ofFinasteride② 

weredeterminedWeusedtheratprostaticenzymesource 

whichcontainedtwoisoenzymes6TheLineweavel-Burkplot， 
whichwasconstructedbyplottingl/ｖｖｅｍＬＩｓｌ/[S]，showeda 

goodlinearity・TheKmandVinaxvaluesobtainedfTomfive

differentratprostatic5aRｅｄｓｗｅｒｅＯ７８±Ｏ３０１ＪＬＭａｎｄ１５．３± 

4.7ｐｍｏｌ/ｍin/mgprotein（ｍｅａｎ±Ｓ、.，〃＝５),respectively・

TheobtainedKmvalueiscompatiblewiththemagnitudeofthe 

reportedｏｎｅ(2.4±ＬＺｕＭ,〃＝８).lo

ThelC5ovalueofFinasteride②wasmeasuredusingtwicethe 
amountsofthesubstrate，enzymesourceandco-factorwhicｈ 

ｗｅｒｅｕｓｅｄｉｎｔｈｅｕｓｕａｌｅｎｚｙｍｅａｃｔｉｖityexpenmentbecauseits 

inhibitiｏｎｇａｖｅｌｏｗｃｒａｍｏｕｎｔｓｏｆ５ａＤＨＴａｎd3a5adiolthan 

thoseobtainedfｒｏｍｔｈｅｕｓｕａｌａｓｓａｙＴｈｅｐＨｏｆｔｈｅｉｎｃｕbation 
meｄｉｕｍｗａｓｓｅｔａｔ５､５，inwhichFinasteride⑪inhibitedthe 

5aR2activity6TheobtainedIC5o（Fig.３；２３７ｎＭ）valueis 

compatiblewiththemagnitudeofthereportedone(４７０，Ｍ).'１ 

ThedescribedLC/APCI-MSmethodfOrthedeterminationof 

theratprostatic5a-Redactivｉｔｙｄｅｐｅｎｄｓｕｐｏｎｔｈｅｓｕｍｏｆｔｈｅ 
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