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QmmtitativeDeterminatioｎ㎡Pre=MnoloneS-SulhteinRat
BrainsUsin蜜LiquidChrOmatOgrapMElectrospray
Ⅱonization-MassSpectrometry 

ＫⅢikoMITAMuRA,MisakoYATERAandKazutakeSHIMADA十
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AmethodfOrthequantitativedetemnnationofpregnenolone3-sulfate(PS)inratbrainshasbeendevelopedusingliquid 

chromatography/electrosprayionization-massspectrometry(LC/ESI-MS)．ThePSfractionwasobtainedfromtherat 
bIainhomogenatebysolid-phaseextractionandion-exchangechromatography、Afterthederivatizationwith4-(Ⅳ,lVL
dimethylaminosulfOnyl)-7-hydrazino-2,L3-benzoxadiazole,PSwasdeterminedusingLC/ESI-tandemMSalongwiththe 
standardadditionmethodThismethodwasappliedtothequantitativedeterminationofthissteroidinthebrainsof 

Wistarstrainrats,mostofwhichshowedamuchloweramountthanthatpreviouslyreported． 

KeywordsNeurosteroid,pregnenolone3-sulfate,ratbrainLC/ＭＳ,derivatization 

Sincethediscoveryofdehydroepiandrosteroneinrat 
brains，sevelall7-and20-oxosteroidsincludingpreg-
nenolone(P),called“neurosteroids，，,havebeeneluci‐ 
datedinmammalianbrains.’Theneurosteroidsthat 

existinratbrainsarereportedasthefreefOrm,sulfates， 
lipoidalestersandsulfOlipids､２Althoughsignificant 
interesthasthusbeenfbcusedontheirbiologicalprop-
ertiesinthisorgan，thecharacterizationandquantita-
tivedeterminationoftheseconjugatedneurosteroids 
reliedongaschromatography/massspectrometry 
(GC/ＭＳ)orRIAanalysisofgeninobtainedbysolvoly‐ 
sis､2,3Inapreviouspaperofthissenes,wereportedthe 
identificationandquantitativedeterminationofPand 
its3-stearateinratbrainsusingderivatizationinto 
acetateand/ormethyloximefO11owedbyliquidchro‐ 
matography/atmosphericpressurechemicalionization 

(LC/APCD-MSwithoutdeconjugation､４Wealsoclari-
fiedtheexistenceofpregnenolone3-sulfate(PS)inrat 
brainsusingLC/electrosprayionization(ESI)‐ＭＳ５１ｎ 
ｔｈｉｓｐａｐｅｒ,wedevelopedaquantitativedetennination 
methodofPSinratbrainsusｉｎｇＬＣ/ESI-tandemMS 
(LdESI-MS/ＭＳ)． 

Ｌｄ)(NomuraChem.,Seto,Japan)ｃｏｌｕｍｎｗａｓｕｓｅｄａｔ 
ａｆｌｏｗｒａｔｅｏｆＯ４ｏｒ0.1ｍl/ｍin,respectively,ａｔ３０°Ｃ・
ThedetectionconditionswereasfOllows：thesource 

voltageandcurrentｗｅｒｅ５ｋＶａｎｄ２０ＵＡ,respectively， 
Theheatedcapillarytemperature，sheathgasflowrate 
andauxiliarygasflowrateweresetat270oC,７０units 
and20units，respectively、Thecapillaryvoltagewas
-ZMandthembelensoffSetwas-25V 

MmerjaJs,花age"応α"αα"ｉｍａＪｓ
ＰＳ５ａｎｄ［17,21,21,21-2H4]PS=internalstandard(IS） 

weresynthesizedfromPand［17,21,21,21-2Ｈ４]P６， 
respectively，alongwithchlorosulfOnicacid-pyridine 
complexinourlaboratories・O-Methylhydroxylamine
and4-(lWVdimethylannnosulfbnyl)-7-hydrazino-2,1,3‐ 
benzoxadiazole(ＤＢＤ－Ｈ)wereobtainedfromTokyo 

Kasei（Tbkyo)．０－(2,3,4,5,6-Pentafluorobenzyl)－ 
hydroxylamine（PFB-H）waspurchasedfromWako 
(Osaka,Japan)．ThelSOLUTEC18(Eqcartridges 
(500ｍｇｏｒ２００ｍｇ)(InternationalSorbentTbchnologyク
Hengoed,ＵＫ)weleobtainedfromUniflex(Tbkyo)and 
pipelidinohydroxypropylSephadexLH-20(PHP-LH-20） 
waspreparedinourlaboratories,７ＡＵotherreagents 
andsolventswerecomnerciallyavailableandofana-
lyticalgrade・Wistarstrainrats（７weeksold,male）
wereobtainedfromJapanSLC(Hamamatsu,Japan)． 

Experimental 

AppqrutMs 

LC/ESI-MSwasperfOImedonaFinniganMArLCQ 
1iquidchromatograph-iontrapmassspectrometer 
(ThermoQuest,Tbkyo,Japan)connectedtoaJASCO 
PU-980（Tokyo）chromatographAYMC-Pack 
ProC18(５１１，，１５０×３．０，Ⅲｎｉ.｡.)(YMC,Kyoto,Japan） 
columnoraDevelosilODS-HG-5(ＳＵｍ,150×2.0ｍｍ 

C化α"叩q/ＰＳj"伽伽伽

AWistarstrainratwasdecapitated；ｉｔｓwholebrain 
washomogenizedinEtOH(７ｍl)andsonicatedfOrlO 
minThesuspensionwasshakenat39oCovemightand 
centrifUgedatl500gfOrlOminThesupematantwas 
saved,andtheprecipitatewasextractedwithEtOH(５ 
ｍl)withcontinuousshakingatroomtemperaturefbrlO 
minTheextractwascentrifUgedatl500gfOrlＯｍｉ､， ↑Towhomcorrespondenceshouldbeaddressed． 
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allthesupernatantswerecombinedanddilutedwith 

H2QinwhichtheconcentrationofEtOHwasadjusted 
tolO9bTheresultingsolutionwasappliedonan 
lSOLUTEC18(EC)(500ｍｇ)cartridge・Afterwash-
ingwithH20(５ｍl)andthenwith2096EtOH(５ｍl)， 
theeluatewith9096EtOH（６ｍl）wasappliedona 
hydrophobicion-exchangecolumn[PHP-LH-20(2×0.6 
ｃｍi､｡.)］Afterwashingwith90％ＥｔＯＨ(５ｍl）ａｎｄ 

Ｏ１ＭＡｃＯＨ/90％ＥｔＯＨ(５ｍl)ｔｏｒｅｍｏｖｅａｎｙｎｅｕｔｒａｌ 

ｃｏｍｐｏｕｎｄｓ，ｔｈｅsulfatewaselutedwithO3M 
AcONH4/90％ＥｔＯＨ(ｐＨ9.5;adjustedwithNH40H)(５ 
ｍl)．ThefractionwasdilutedwithH20(４０ｍl）and 

appliedonanlSOLUTEC18(EC)(200ｍｇ)cartridge 
toremoveAcONH4・AfterwashingwithH20(５ｍl)，
theeluatewithEtOH(２ｍl)wasevaporatedtodryness・
ＤＢＤ－Ｈ（100l1ginlOOlllofEtOHcontainingO０５％ 
trifluoroaceticacid)wasaddedtotheobtainedresidue 

andtheresultingsolutionwaskeptatroomtemperature 
overnight・AfterdilutionwithH20(0.9ｍl),thesolu‐
tionwasappliedonanlSOLUTEC18(EC)(200ｍｇ） 
cartridgeandwashedwith2096EtOH(３ｍl)toremove 
liheexcessreagent・TheeluatewithEtOH(２ｍl)was

evaporatedtodryness，theresiduewasredissolvedin 
MeOH(Soul)ａｎｄthenanaliquotwassuhjectedto 
LC/ESI-MS． 

……螂矧譽咄伽
P…｡:風雪No.比Ｃ堂Fｏ

Ｓ 

「
一
一
へ

ＨＯ３Ｓ 

Fig1StructuresofPSanditsderivatives． 

DBD-PSwasnotobservedaspreviouslyreported4and 
[zILdPSisusableasanISofisotopedilutionLC/ESI‐ 
MSAwholebrainwashomogenizedandextracted 
withEtOHaspreviouslydescribedandtheobtained 

supematantwasdividedintoseveralpartssothatthe 
contentofbrainineachtubeisapproximatelyO4gtis-
sue・ＰＳ（４，６，８，１０ｐｍｏｌ)ａｎｄｌＳ（ZOOpmol)were
addedtothetube,andtheresultingsolutionwastreated 
usingthesamemethodasdescribedabove・Ｔｈｅ

desiredfmctionwasappliedonanLC/ESI-MS/MS 
withselectedreactionmonitori､９（ＳＲＭ）ｍode[col-
umn，DevelosilODS-HG-5；mobilephase，ＭｅＯＨ－４ 
ｍＭＡｃＯＮＨ４(2:1);ｒＲ１８２ｍｉｎ(PS)，１７．９ｍｉｎ(1s)； 

relativecollisionenergy，１０％；precursorion，〃ｚＺＺ６３４
(PS）ａｎｄｍ/Z６３８（1s);monitoringion,ｍ/Ｚ６３４(PS） 
andｍ/Z６３８(1s)LTheconcentrationofthePSinthe 

brainwasobtainedusingtheregressionline(津>0.99)，
whichwasconstructedbythepeakarearatiomethod． 

肱〃坂Mjo"q/PSj"伽６Ｍ"ｓ

Ａｗｈｏｌｅｂｒａｉｎ(cq1gtissue)wassuhjectedtothe 
pretreatmentprocedureasdescribedabove，andthe 
desiredfractionwasapplieｄｏｎａｎＬＣ/ESI-MS［col-
umn,ＹＭＣ－ＰａｃｋＰｒｏＣ１８;mobilephase,MeOH4mM 
AcONH4(3:1);ＺＲ１０４ｍｉｎ;totalionmomtoring(､/Ｚ 
300-700)]ｏｒＬＣ/ESI-MS/ＭＳ[relativecollisionener-

gy,３０％;ｐ1℃cursorion,腕/Ｚ634;productionmonitor-
ing(ｍ/z300-450)］ 

Remlts 

LCﾝMSq/ＰＳα"mjなdmyazjves

lnapreviouspaperofthissenes,wereportedthatthe 
derivatizationofoxosteroidsintomethyloximestrongly 
increasedtheirsensitiviｔｙｉｎＬＣ/ＭＳ５Ｔｈｅｓｅｒｅｓｕｌｔｓ 
ｐｒｏｍｐｔｅｄｕｓｔｏｕｓｅthederivatizationlnethodfOrthe 
quantitativedeterminationofPSusingLC/ＭＳＴｈｅ 
ｃｏｍｍerciallyavailableO-methylhydroxylamine， 
ＤＢＤ－ＨａｎｄＰＦＢ－Ｈｗｅｒｅｓｅｌｅｃｔｅｄａｓｔｈｅderivatization 

reagents;thesereactedwiththecarbonylgroupofPSto 
givePS-methyloxime(ＭＯ),－DBDand-pentafluoro-
benzyloxiｍｅ(PFBO),respectively(Fig.1)． 
AlthoughthemassspectrumofPSusingflowmjec-

tionanalysisshowedthe[M-H]-ionasthebaseion 
usingESIwithnegative-ionmode，thecharacteristic 
molecularrelaｔｅｄｉｏｎｓｗｅｒｅｎｏｔｏｂｔａｉｎｅｄｉｎＡＰＣＩａｎd 

ESIwithpositive-ionmodeSeveralattemptsinclud‐ 
ingESI-MS/MSdidnotgivesatisfactorysensitivityto 
establishthedeterminationmethodofPSinratbrains・

TherefOre，theusefUlnessofthederivatizationwas 

examinedusingESIwithnegative-ionmode、The
obtainedionsandtherelativesensitivitybetweenPS 
anditsderivativesusingthepeakareaofthebaseion 
measuredbyselectedionmonitoring（SIM）ａｒｅｓｕｍ－ 
ｍａｒｉｚｅｄｉｎｎｂｌｅＬＴｈｅｄａｔａｓhowedthatPSandits 

derivativesexhibitedthe[ＭﾐH]－ionasthebaseion， 

andthedetectionresponsesofthederivativeswere 
increasedby8tollfbldofPSDespiteusinglonger 

CCU肋mrjo〃ｇｍｐ/Ｚ
ＰＳ(2,4,8,16,20ｐｍｏｌ/､be)andlS(Ｚ００ｐｍｏｌ/tube） 

werederivatizedwithDBD-HfOllowedbypurification 
inthemannerdesclibedabove，andtheobtainedfrac-

tionwasassayedusingtheproposedmethod・Ｔｈｅcali-
brationgraphwasconstructedusingthepeakarearatio 
method（Y=0.0067X+0.0003,72=0.9997；Ｙ=peakarea 
ratio,Ｘ=ＰＳvalue)． 

Ｍａｈｏａｖα/jdmjo〃

ＰＳ(４，８，１２pmoDtube)ａｎｄｌＳ(200ｐｍｏｌ/tube)were 
addedtotheratbrain(O4gtissue)homogenate,and 
theresultingsolutionwasassayedusingtheproposed 
method，TheconcentrationofPSwasquantifiedbythe 
calibrationgraphTheanalyticalrecoverywascalcu-
latedｆｒｏｍｔｈｅＰＳｃｏｎｃｅntrationfOundintheadded 

sample(８orl2pmol/tubeminus4pmol/tube)． 

Ｑ"αＭＭｊｖＭｅ〃〃"αrjo〃ｑ/ＰＳj〃ｒａｒｂｒａｊ"ｓｂｙ
ｓｍ"dmz！α〃jrjo〃ｍｅ的od

TheDBD-ISshowedthesatisfactoryESI-MSspec-
trum{、/Z637(30％),６３８[M-H]-(100％),６３９(30％)｝

mwhichtheioncolrespondingto[M-H]-(〃Z634)ｏｆ
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Ratbrain(Wistar,７ｗｏｌｄｍａｌｅ） nblelComparisonofrelativesensitivityinpSanditsder-
iVatiVeSa HomogeniZedinEtOH 

CompoundMWBaseionRelativesensitivityb 
ﾖ⑨【。、ＶＰ

396 

425 

635 

591 

395[Ｍ－Ｈ]-

424[M-m-

634[Ｍ－ｍ￣ 

590[Ｍ－ｍ－ 

１
９
８
１
 

１
 

PS 

PS-MO 

PS-DBD 

PS-PFBO 

Ⅱ 

ｒＢｎｌｂＩｔｎＴＦ HＰ 

ｮｄｌＩｈ卜ＩＣ

a・Thecharacteristicmolecularrelatedionswerenotobtainedin

APCI（heatedcapillarytemperamre，150°Ｃ;vaporizertempera-
ture,400℃capillaryvoltage,＋ＳＶｏｒ－５Ｖ),andESI-MSby 
Howinjection(mobilephase,MeOH-4mMAcONH4(3:1);Ｈｏｗ 

rate,０．４ｍl/ｍin)wasemployed 

bTherelativesensitivityofeachderivativeagainstPSwascalcu-

latedusingthepeakaIeaofthebaseionmeasuredbySIM 

10ｍｍ 

】ト

lSOLUTEC18(EC） 

｜蝋M'柵…'｡：
PHP-LH-20 

１蝋細:柵鯛蛾鮒團。Ⅲ
lSOLUTEC18(EC） 

｜蝋職醐
ＤｅＩＷａｔｉｚｅｄｗｉｔｈＤＢＤ－Ｈ 

ｌ゜vemigh`"｡m鱈mp
lSOLUTEC18(EC） 

｜醗鯛ＩＷＷＩ･㈱
ＬｑＥＳｌ－ＭＳ 

andvarioustemperatureconditions,itwasnotpossible 
toimprovetheyieldofPS-PFBOreportedearlieL8The 
strongelectroncapturingpropertiesofthePFBOmoi-
etycompensatedthepooryieldofthederivative・
AlthoughO-methylhydroxylaminegavePS-MOina 
satisfactoryyield,theexcessreagentinterfereswiththe 
chromatographicbehaviorofthesampleofratbrains， 
AlltheseresultsshowedthatDBD-HisthemostusefUl 

initsreactivitywithPSandthechromatographic 
behavioroftheresultingderivative． 

Fig2ProcedurefOrquantitativedeterminationofPSinrat 
brains． 

Ide"ｔｉ/iicatjo〃α"CMUα"tj〃jvMere加川jo〃ｑ/ＰＳj〃
ｍＭｍｃＪｊ"s 

ThebrainsofadultWistarstrainratswerehomoge-
nizedandextractｅｄｗｉｔｈＥｔＯＨ，andtheextractwas 

subsequentlypurifiedbysolid-phaseextractionand 
ion-exchangechromatographyThefractioncontaining 

PSwasderivaｔｉｚｅｄｗｉｔｈＤＢＤ－Ｈ,fOllowedbypurifica-
tionwithsolid-phaseextraction，andthentheobtained 

residuewasapｐｌｉｅｄｏｎａｎＬｄＥＳＩ－ＭＳｗｉｔｈｔｏｔａｌｉｏｎ 
ｍonitoringmode(Fig.2)．PSwasidentifiedbycom-
pansonwithauthenticPS-DBDbasedonitsmasschro-
matographicbehavior,ａｓｓｈｏｗｎｉｎＦｉｇ３ａ・ＬＣ/ESI‐
ＭＳ/ＭＳ(precursorion,[M-H]-,relativecollisionener-
gy,３０％）ａｌｓｏgavethecharacteristicproductio、
[M-H-282]-,whichwasproducedbydissociationof 

theCl7-C2obond(Fig3b)．However,theobtainedpeak 
intensitywasnothighenoughtodeterminePSin 
smalleramountofbrain，sothecollisionenergywas 
reducedtolO96andtheresidual[M-H]-ionwasselect-

edasthemonitorinｇｉｏｎｌｎｔｈｉｓｓｙｓｔｅｍ，thedesired 
peakwasdetectedwithoutinterferingpeaks，andthe 
detectionlimitofPSwasO2pmol(signal/noise=5)． 
AftertheadditionoftheauthenticPStotheratbrain 

homogenate,theconcentrationofPSwasdetermined 

usingtheproposedcalibrationgraphmethodThe 
obtainedresultsaｒｅｓｕｍｍａｒｉｚｅｄｉｎＴａｂｌｅ２、

Satisfactoryrecoveries(91.0-117.3％）wereobtained， 
andtherelativestandarddeviatio、(RSD)oftheintra‐

andinter-assayswerelessthan１３．３％ａｎｄ１１．２％， 
respectively・TheabsoluterecoveriesofPS（l4

pmol/tube)ａｎｄＩＳ(８０ｐｍｏｌ/tube)befOrethederivatiza-

tionreactionwere７５．６％ａｎｄ７６．３％，respectively 

(mean,〃=2)．

WeattemptedtodeterminetheconcentrationofPS 
usingtheproposedcalibrationgraphmethod,however， 
thepeakcolTespondingtoPS-DBDinmostofthesam-
pleswasbelowthequantitativelimit(４ｐｍｏｌ/tube)． 
TherefOre,wecalculatedtheconcentrationofPSinthe 

brainsofmaleWistarstrainratsusingstandardaddition 
methodwiththeadditionof41evelsofPS(Fig.4)．The 

obtainedconcentrationswere0.53±０２８，９/gtissue 

(1.33±Ｏ７ｐｍｏｌ/gtissue;mean±ＳＤ,〃=10),whichwele
muchlowerthanthatreportedinapreviousstudy[ｃｑ 
２０ｎｇ/gtissue(cα・Ｓ０ｐｍｏｌ/gtissue)]2．３

DisImssion 

ＰＳｈａｓｂｅｅｎｋｎｏｗｎａｓｏｎｅｏｆｔｈｅｎｅｕｒｏｓteroids， 

whichactasapositiveandnegativeｍｏｄｕｌａｔｏｒｏｆｔｈｅ 
ＮＭＤＡａｎｄＧＡＢＡＡｒｅｃｅptorぅrespectively・gAninten-
siveinvestigationofitsbiosyntheticpathwayandbio-
logicalpropertieshasbeendone・Althoughthequanti-
tativedeterｍｉｎａｔｉｏｎｏｆＰＳｉｎｒａｔｂｒａｉｎｓhasbeen 

alreadydonewithGC/ＭＳｏｒＲＩＡ,thesewereindirect 
methodswhichdetenninedthegeninbefbreandafter 
thesolvolysis・Wetriedtodevelopthedetermination
methodusingDBD-Hasafluorescentderivatization 
reagent,butsatisfactoryresultswerenotobtainedas 
regardsselectivity・Thatis,theendogenousinterfering
substancesco-elutedwiththedesiredcompoundduring 
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伽乞

Ｆｉｇ３ＬＣ/ESI-MSdataofPSfromratbrainsasDBDderivativeA)Masschromatogram,Ｂ） 
productionmassspectrumColumn,ＹＭＣ－ＰａｃｋＰｒｏＣ１８;mobilephase,ＭｅＯＨ４ｍＭＡｃＯＮＨ４ 

（3:1);flowrate,0.4ｍl/min；Ｂ)precursorion,ｍ/Z634;relativecollisionenergy,３０％． 

Table2AccuracyandprecisionofquantitativedeterminationofPS 

Concentration/Pmol ＲＳＤ,％ 

Entry Recovery,９６ｂ 
Added Founda lntra-assay lntelLassay 

１
２
３
４
５
６
 

４
４
４
４
４
４
 

２
３
２
１
１
１
 

釦
却
却
却
釦
釦
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８
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７
７
５
７
１
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●
●
●
●
●
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３
５
４
１
２
２
 

８
８
８
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２
３
２
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却
却
却
却

３
１
９
５
 

８
９
８
７
 

97.4±6.3 

107.7±7.2 

117.3±4.3 

９１.肚1２．１

１
２
３
４
 

６．５ 

３．２ 

６．７ 

１３．３ 1１．２ 
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５
６
 

２
２
 

１
１
 

13.3±0.3 

12.9±0.2 

１
１
 

０
●
 

３
２
 

a・Mean±ＳＤ，〃=５，０．４９ｔissue/tube．ｂ､TherecoverywascalculatedfTomthePSconcentrationfOundintheadded

sample(８ｏｒｌ２ｐｍｏｌ/tubeminus4pmol/tube)．Recovery(％)=(jLFv)/(A」)×100；犀foundconccntrationofPSin
addedsample(８ｏｒｌ２ｐｍｏｌ/mbe)；Ｆ=foundconcentrationofPSinaddedsample(４pmoVmbe)；Ａ=amountofPS 
addedtothembe；mean±ＳＤ,〃=5．

HPLCwithfluorescencedetectionThedeveloped 

methodusingLC/ESI-MSdoesnotrequiresolvolysis 
andhasprovedtobesatisfactoryinitsaccuracyand 
precision・ThederivatizationwithDBD-Hnotonly
increasedthesensitivitybutalsostabilizedthedeuterat-
edlSｉｎＬＣ/ＭＳＴｈａｔｉｓ，thederivatizationprotected 
thehydrogen-deuteriumexchangereactionatthel7 
and21positionsofthesteroidsunderionization,4,5Ｔｈｅ 

quantitativelimitofPSwas4pmol/tube（１６，９/tube)， 
whichcouldbesensitiveenoughtodetenninethePSin 

O4gofratbraintissue,thatis,thereportedconcentra-
tionofthａｔｓｔｅｒｏｉｄｗａｓｃｑ２０ｎｇ/gtissue（cα・s0
pmol/gtissue)．HowevezthelevelsofPSinthebrains 
oftheobservedratsweremuchlowerthanthatofthe 

previousreport，sothestandardadditionmethodwas 
usedfbrthequantitativedeterminaｔｉｏｎｔｏｇｉｖｅｔｈｅｆｂｌ－ 
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deconJugationisnowinprogressinourlaboratories 
andthedetailswillbereportedinthenearfUture． 

ThisworkissupportedbyaGrant-in-AidfromtheMinistry 
ofEducation,Science,SportsandCultureofJapan． 、BＤ 
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sue)．Althoughthereasonofthisdiscrepancyisnot 
clear,theseresultssuggestthatamoresensitivemethod 
isnecessarytodeterminePSinthepartofthebrain(＜ 
S0mgtissue)．ThedevelopmentofRIAfOrtheanaly-
sisofPSordehydloepiandrosterone3-sulfatewithout 
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