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Ⅲ窪h-SensitMtyAnalysisorCyanidebyCapillary
ElectrophOresiswithFluOreScenceDetection 
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AcapillaryelectrophoreticmethodfOrahigh-sensitivityanalysisofcyanidehasbeendeveloped・Cyanidewas

derivatizedwith2,3-naphthalenedialdehydeandtaurinetogiveafluorescentproductofl-cyanobenzmisoindole、This
compoundwasdetectedwithhighsensitivitybyfluorescencedetection、ＴｈｅｄｅｔｅｃｔｉｏｎｌｉｍｉｔｗａｓＯ１ｎｇ/inL,andthe

calibrationcurvewashnearovertherangeO1-200ng/nLTheprecisionofthemigrationtimeofwithin-runassays(〃

＝6)ｏｆｌｎｇ/rnLcyanidestandardsolutionwas0.14％・Theprecisionofthepeakareafbrthesamemnswas1.0％・T1ns
methodwasapplicabletobloodanalysis、DetectionofthecyanidederivativebyUVwasalsoexannned．
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Cyanideisoftenusedasatoxicantincasesofsuicide,homicide 

andindiscriminatekiUingbyspikeddrinksorfOod・

FUrthermore,、fire,hydrogencyanideisfbnnedfTompolymers
thatcontainmtrogen,andcanbethecauseofdeathTherefOre， 

cyanideanalysisisimportantinfOrensicanalyses,especiaUyin 
analysesofthebloodofvictims、Theanalysisoftracecyanide

inbloodisalsoimportantfbrchnicalmedicine,becausecyanide 
actsnotonlyasanacutetoxicant，butalsoasachronic 
toxicant､l 

hfOrensicscience，amicrodiffUsion-spectrophotometric 
methodusingtheKOmgreaction2orheadspaceGC3,４is 
conⅡnonlyusedfbrdeterminingcyanideinblood・We
previouslyreportedahigmysensitivecyanideanalysismethod 
usingHPLCorionchromato厚aphy（IC）withUuorescence
detection､5b 

Recently,capiUaryelectrophoresis（CE)hasbecomewidely 

usedinvariousfields、CEisapowelfUlandpracticaltool

becauseofitshighresolution，abilitytoanalyzelmpure 

samples,lowreagentconSumption,shortanalysistimeandlow 
mnmngcost・AfewCEmethodsfOrfreecyanideusingindirect
UVdetection7ormdirectfluorescencedetection8havebeen 

developed，withdetectionlimitsof8I1g/ｍＬａｎｄｌ３０ｎｇ/inL， 

respectively、However,aCEmethodwithhighsensitivityand
highselectivityfbrcyanidehasnotyetbeendeveloped 
ThisreportdescribesanewCEmethodwhichwehave 

discoveredusingfluorometriccyanidederivatizatｉｏｎｂｙ２,３－ 
naphthalenedialdehyde(NDA)andtaurine,asshowninFigL 

EffOrtsweremadetoapplyittobloodcyanideanalysis． 

他age"応α〃Che〃czJJS

NDAwasobtainedfTomTokyoKaseiKogyo(Tokyo,Japan)． 

Taurine,potassiumcyanide,sodiumboraxandphosphoricacid 

wereofanalyticalreagentgrade（WakoPureChemical 

hdustries,Tolq/o,Japan)．AUotherreagentsusedwereof 

analyticalreagentgrade、U1trapurewater,providedbyaMim-

RX12aandMnli-QSPsystem(Mnlipore,BedfOrd,ＭＡ,USA)， 

wasusedfbrallprocedures・Aborate-phosphatebufferwas

preparedbymixinga25mMsodiumboratesolutionanda50 

mMpotassiumdihydrogenphosphatesolution(46.5:53.5,Ｖ/V)． 
Ⅲ〕Awasdissolvedinmethanoltogivean8mMsolution,and

thenthesolutionwasdilutedwiththeborate-phosphatebuffer 
togｉｖｅａ２ｍＭＮＤＡｓｏｌｕｔｉｏｎ，A50-mMtaurinesolutionwas 

preparedbydissolvingtaurineintheborate-phosphatebuffer． 

｡wＣＯ:i： Ｃ ＋H2N-CH2-CH2SO3H 

cｙａｍｄｅ ＮＤＡ taurine 

ＣＮ 

夢P、

、＝
－＞ -ＣＨ２ＣＨ２－ＳＯ３Ｈ 

l-cyanobenzIHisoindole 

Fig1Reactionofcyanidewith2,3-naphthalcnedhaldehyde(NDA） 
andtaurine fTowhomcorrespondenceshouldbeaddressed． 
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TheinitialexaminationswerePerfbrlnedusingUVdetection 
at250nm，whiChwasthewavelengthofthemaxlmum 

absorbanceofthecyanidederivative・ThecaPillarywaS75Um
i.｡.×８０．５ｃｍ(effectivelength72cm)．Becausethecyanide 
derivativehadasulfOgroupinitsstructure，wefirsttriedto 

separateitinthenegativechargemode(L2.,theinletelectrode 
wasnegative)．Ｉｎｔｈｉｓｍｏｄｅ，theadditionofacatiOnic 

surfactanttotheelectrolyteisrequiredinordertoreversethe 

electro-osmoticflow(EOF).Celyltrimethylammoniumbronde 
andhexamethoniumbromidewereusedascationicsurfactants 

However,thecyanidederivativereactedwithbothsurfactants， 

andnopeakappea[edusinganelectrolytethatinc1udedeither 
surfactant、ThiswasconfirmedbyaseparateeXperiment:the
fluorescencereactionwasPerfbnnedinatestmbe,andwhen 

thesurfactantwasadded,thefluorescencedisappearedThus， 
thenegativechargemodecouldnotbeadopted 
Next,thepositivechargemode(』.e､,theinletelectrodewas

positive)wasexaminedUndertheseconditions,thecyanide 
derivativehasanelectrophoreticmobiUtytowardtheinleL 
TI1erefOre，ｔｈｅＥＯＦｍｏｂｉｎｔｙｍｕｓｔｂｅｈｉｇｈｅｒｔｈａｎｔhe 
electrophoreticmobilityofthecyanidederivativeinorderto 

detectthecyanidedelivative・Ｔｏｄｏｔｈｉｓ,thepHofelectrolyte
lnustbegreaterthanlhree・Underborax-phosphatebuffer(ｐＨ
6)conditions,thederivativepeakappearedafterthepeaksof 
neutralcompounds・Hence,thepositivechargemodewasused
inallfO11owingexperiments、

ThedetectionUntofCyanideundertheseconditionsusing 
UVdetectionwascα､２０，９/ｍＬ，Thisvaluewasbetterthanthe 
valuesobtainedwithotherCEmethodsfOrcyanideanalysis､７．８ 
However，itwassignificantlyworsethanthevalueobtained 
withourpreviousHPLＣａｎｄｌＣｍｃｔｈｏｄｓ（0.1,9/inL).5,6 
Therefbre，CEwithUVdetectionwasnotsuitablefOrblood 

cyanideanalysis・FluorescencedetectionwasneededfOrtrace
cyanidedeternnnation・Thus,anexternalfluorescencedetector

wasadoptedfbrthisanalysis． 

ＡｌＤｃｏｎｖｅｒｔｅｒ 

Fig2CEsystemwithfluorescencedetection． 

Ａ１ｍｇ/mLstandardsolutionofcyanidewaSpreparedwith 
potassiumcyanidein１％sodiumhydroxide・Workingstandard
solutionswerepreparedbydilutingstocksolutionswith 

ultrapurewater． 

AppammsaMcoMj"o"s 

CEwiththenuorescencedetectionｓｙｓｔｅｍｉｓｓｈｏｗｎｍＦｉｇＺ・

ExperimentswerecarriedoutusinganAgilentCEsystem 
(AgilentTechnologies，Waldbronn，Germany)，anFP-1520 

fluorescencedetector（JASCO，Tokyo，Japan)，acapmary 

electrophoresisceUumt(JASCO)anda35900EADconverter 
(AgilentTechnologies)．AsmallremodeledcapiUarycassette 

fOrtheCE/MSintelface(AgilentTechnologies）wasusedto 

routethecapillaIyfromtheCEthroughthefluorescence 
detectorandbacktotheCEDerivatizedsampleswereinjected 

byapplyingａｐｒｅｓｓｕｒｅｏｆ５０ｍｂａｒｆＯｒ３０ｓ・Theseparations

wereperfOnnedinanuncoatedfUsed-sincacapilla【ｙｏｆ７５Ｕｍ
ｉ.｡.×１１７ｃｍ(５５cmtothefluorescencedetector,108.5ｃｍto 

thebuilt-indiode-arraydetector)．Theappliedvoltagewas＋３０ 
kVandthecapillarycassettetemperaturewasmaintainedat 

25oCThefluorescencedetectionwavelengthswere418nm 
excitationand460nmemissionThebuiLindiode-array 

detectoroftheCEsystemwasusedfOrUVdetectiOnatZ50nm、

Theelectrolytewasa20mMboraxbuffer(pＨ６adjustedby 
phosphoricacid)-methanol(8:2,ＷV),wmchwasfilteredwitha 

O､４５Umfilterbefbreuse、Betweenconsecutivemns，the

capillarywaswashedfOr8minwiththeelectrolyte． 

Op伽如"o"q/ＣＥｃ０"d伽"S

TheCEconditionswe[eoptimizedfOrnuorescencedetection 

usmgboraxbufferastheelectrolyteFirst,theeffectofthepH 
wasexaminedbyvarymgthepHoftheelectrolytefroｍ３ｔｏｌＯ 

ＵｎｄｅｒｐＨ５,thecyanidederivativepeakdidnotappearwithin 
60mn;pHvaluesof6andlOgaveshaIPerpeaks、However，
thepeak(１，９/inLcyamde)atpH10waslarger,anditbecame 
evenlargerastimepassed・Thisphenomenonwasalso
observedinananalysisofthereagentblankThiswasdueto 

dissolutionoftracehydrogencyanideintheatmosphereintothe 
electrolyteThepHoftheelectrolyteshouldbeoneormore 

unitslowerthanthepKWalueofhydrogencyanide(9.21）to 
avoidthedissolutionofhydrogencyaInde・TherefOre,pH6was
selected・Differentcombinationsofborax（１０－５０，Ｍ)and

methanol(０－３０％)werethenexaminedAcombinationof20 

mMboraxand2096methanolgavethebestresolutionandthe 
bestseparationfTomothermatrixpeaksmtheanalysisofboth 
thecyanidestandardandthebloodsample・Finally,thesample
injectionvolumewasexannedlhestandardsamplewas 
injectedbyapplyingapressureof50mbarfOr6-120s､TY1e 
peakareaincreasedinprOportiontotheinjectiontime,butwhen 
theinjectiontimewasmoreｔｈａｎ３０ｓ,thepeakresolution 
declined，Moleover，thesignal-to-noiseratioofthereagent 
blankpeak，wmchwasaminorcyanidederivativepeak 
appealingintheanalySisofthereagentblank,5,69wasthreeand 

Ｂﾉｏｏｄｓａ７"p肥α"‘ｐ”/'9eamze"Z

AbloodsamplewascoUectedfromahealthyindividual(one 
oftheauthors)byvempunctureintoheparinizedtubesonthe 

dayofanalysis・ThepretreatmentprocedurewasasfO11ows:O5
mLofwaterwasaddeddfOUowedbｙｔｈｅａｄｄｉｔｉｏｎｏｆ２ｍＬｏｆ 

ｍｅｔｈａｎｏｌｔＯａ0.1-mLaliquotofbloo｡．Aftervortex-nxmg， 
thenxturewascentrifUgedatl600ｇｆＯｒｌＯｍｉｎ，andthe 

supernatantwasusedfOrthederivatization．AUother 

conditionswe1℃thesameasdescribedpleviously､６ 

DerMztjZatio〃ｐ”Ｃｅ血花

AO5-nLaliquotofthestandardsolutionortheabove 

supematantWaSplacedmaL6-nLbrown-coloredsamplevial， 
and0.1ｍＬｅａｃｈｏｆ２ｍＭＮＤＡａｎｄ５０ｍＭｔａｕｒｉｎｅｓｏlution 

wereadded・AfterstandingfOr5min（３０minfOrthe

suPematant）atroomtemperatUre,themixInrewasappliedto 
theCEsystem・A110therconditionswerpthesameasdescribed

PreViOUSly､６ 
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Tnblellntermediateprecisionsofwithin-runassaysfOr 

mi厚ationtimeandpeakarea1， 
Precision(RSD,％)ａ Cyanide／ 

ｎｇｍＬ－１ Ｍｉ厚ationtime Peakarea 
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ｍｍ Fig.４UVelectrDpherogramofthecyanidestandamsolution(3865 

,9/mL)．conditions：capnlaryeffectivelength，108.5ｃｍ；UV 
detectionwavelengths,２５０，ｍ;otherconditions,ａｓｍＦｉｇ３． Fig.３F1uorescenceelectmpherogramsof(a)thereagentblank,(b） 

thecyanidestandardsolution(3.8,9/mL),(c)thecyanidestandard 
solutioncontainingmethanol(3.8,9/mL),(｡)abloodsample(witha 
calculatedcyanideconcentrationof９．５，９/mL）ａｎｄ（e）ablood 

samplespikedwithlOOng/mLcyanide・conditions：capillary，７５
ILmi...×１１７ｃｍ（effectivelength55cm）uncoatedfUsed-sihca； 
appUedvoltage,＋３０ｋＶ（cuIrent,Ｃａ、２３１１A)；capillarycassette
temperatme，２５°Ｃ；fluorescencedetectionwavelengths，４１８，ｍ 
(excitation),460,ｍ(emission);samplemjection,５０mbarfbr30s； 
electlolyte,Z0mMboraxbuffer(ｐＨ6)methanol(8:2,v/V)． 

delayofthengrationtime、Theelectlopherogramofthe

cyanidesolutionincludingmethanol(theconcentrationwasthe 

sameasthatinlhepretreatedbloodsample)iSshowninFig3c， 

Themigrationtimeofcyanidewasthesalneasthatintheblood 

sample， 

Duringsuccessivebloodanalyses，themigratio、timeofaU

peaksgraduallyincrease｡、T11ismayhavebeenduetotheblood

matrixbindingtothefUsed-silicaSurface，resultingina 

degradationoftheEOFmobiUty・However,thecapUla【ycould

becompletelylegeneratedbywashingitwithmethanolandO・ｌ
ＭＮａＯＨ． 

thepeakarea(correSpondingtoca､００４，９/mLofcyanide)was 

ahnostconstantataninjectiontimeof30s・Hence,anmjection
timeof30swasselected・E1ectropherogramsofthereagent
blankandthecyanidestandardusingthefinalCEconditionsare 

showninＦｉｇｓ３ａａｎｄｂ,respectively． ＵＶ火花crjo〃（

Throughoutthissmdy,dataweresimultaneouslyacquiredby 

thenuorescencedetectorandthebuirindiode-arraydetector・

TheUVelectmphemgramofthestandardcyanidesolution 

obtainedfromthediode-arraydetectorisshowninFig.４．The 

detectionUnt,definedastheconcentrationwhichproduceda 

signalequaltofivetimesthebackgroundnoiseleveLwas5 

,9/ｍＬ・Thisvaluewasonly50timesworsethanthatobtained

byfluorescencedetection，becausethedetectionlimitof 

fluorescencedetectionisbasedonthereagentblankpeak・

Themgrationtimeofthecyamdederivativewasratherlong， 
becausetheconditionswereoptimizedfbrCEwithfluorescence 

detectionIfonlythediode-arraydetectorisusedwithoutthe 

extemalfluorescencedetectoEonlyabouthalfthecapillary 

lengthisneededhthiscase，thecyamdederivativecanbe 

detectedinabouthalfthetime，However,inbloodanalyses,the 

cyanidederivativeoverlappedwiththebloodmatrix 
Therefbre,adifferentelectrolyteisneededtoanalyzecyanidein 

bloodusingUVdetection． 

Ｑｚ肋、"o〃ｃ"７１ﾉe,此花c"olzJ航j応α'0.1巴p勿伽ci6ﾉﾉj､ノ

Thereagentblankalwaysshowedan､orpeakofcyanide 
colrespondingtoｃα､００４，９/ｍＬ,whichwasthesamevalueas 

thatreportedpreviously､5bThus，ｔｈｅdetectionlimitwas 

estimatedtobe0.1,9/ｍＬ，whichwastheconcentrationthat 

gaveapeakheightZ5timesthatofthereagentblankpeak・The
calibrationculvewasUnearmtherangeO1-200ng/ｍＬ(ｙ＝ 
74.60ｘ＋6.04,深＝0.999)．Theintermediateprecisionsof
wihn-runassaysfOrthemigrationtimeandpeakareaare 
sunⅢnarizedinTableLThismethodgavegoodreproducibility． 

A"αJyS応q/bJood

Electropherogramsofabloodsampleofahealthypersonand 
abloodsamplespikedwithcyanide(100,9/mL)areshownin 

Figs3dande,respectively、Thecyanidepeaksappearedata
ngrationtimeof２１．５ｍin，andwelefreefrominterference・

Thengrationtimeswere2,sminlaterthanthemigrationtime 
ofthecyanidestandardsolution・Thiswasduetomethanolin

theinjectedsample,whichwasaddedduringthepretreatment、
Methanolinterferedwiththeelectriccurrent，resultingina 
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Conchsions 

AnewCEmethodfOrtracecyanideanalysisusingNDA-taurine 
derivatizationhasbeendeveloped、Theproposedmethodis

highlysensitiveandhigmyselective,andisapplicablefOrthe 
analysisofcyanideinbloodfromahealthyperson． 
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