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Using a Coupled Achiral-Chiral HPLC System
to Determine the Mefloquine Enantiomers in
Plasma and Whole Blood.
by Francois Gimenez and Irving W. Wainer, _ Pharmaceutical Division,
McGill University, Montreal, Canada

Introduction. umns,c.hiralmobile phasemodifiers determiningthepharmacologicalfate
Thestereoisomericcompositionof and derivatizationusinghomochiralre- of theseparateMFQ enantiomerswas
drugsubstancesis rapidly becoming agents.When enantiomersmustalso indicatedby a studywhich foundthat
a key issuein thedevelopment,regu- be resolvedfromothernon-chiralcam- (-) MFQ isa morepotentacetylcho-
lationand administrationof pharma- pounastheHPLCanalysisbecomes linesteraseand butylcholinesterasein-
ceuticals.Thisconcernhascentered evenmoredifficult.Tosolvethisdiffi- hibitorthan(+) MFQ_. Inaddition,
on theenantiomericcompositionof cult problema coupledachiral-chiral therehavebeenconflictingstudiesre-
thesesubstances,and hasbeen HPLCsystemhasbeendeveloped, garding differentialaccumulationof
spurredon by therecognitionthat the Thistechniquehasbeen usedto deter- MFQ inerythrocytesversusplasma2.3
enantiomersof a pharmacologically mineThemefloquine(MFQ)enanti- Theenantioselectivityof thisaccumu-
activecompoundoftendiffer in their omersn plasmaand whole blood, lationhad notbeenstudied.
efficacy,toxicityand pharmacological Mefioquineisa chiralmolecule Theinitialseparation(non-enantio-
disposition, which s usedfor thetreatmentand mericseparation)was performedon

Themostwidely usedanalytical prophylaxisof malaria.Theagent is an achiral column.Thetotalquantity
techniquefor theseparationand administeredorallyas a racemicmix- of (+)and (-)MFQ was determined
quantitationof enantiomersis HPLC. tureof the(+)and (-) forms,Figure1. on thecyanobonded phasecolumn
Theseparationof enantiomersisa sig- Initials_udiesof MFQ pharmacokinet- and any interferingcomponentsin
nificantHPLCchallengebecausethe icshavedemonstratedthatthedrug thebiologicalmatrixwere removed
physicaland chemicalpropertiesof hasa long half-life,but thesestudies duringthisfirstseparation.Theenan-
thetwo optical isomersare identical, did notconsidertheplasmadisposi- tiomericcomposition[(+)and (-) MFQ
Typicalchiralanalysisapproaches in- tion andeliminationof theMFQ enan- ratio]was determinedon the
cludelhe useof specialtychiral col- tiomers.Thepotentialimportanceof (S)-naphthylureachiralstationary

phase.Thetwo columnswerecon-
nectedby a switchingvalveequipped

IN Tills ISSUE with a silicaprecolumn.Thepre-
columnconcentratedtheMFQ in the

• Usinga CoupledAchiraI-ChiralHPLCSystemto Determine eluentfromtheachiralcolumnbefore
theMefloquineEnanfi-omersin Plasmaand Whole Blood................... 1-4 backflushingontothechiral phase.

• Applicationsof FLEC-DerivatizingAgentforChiral Separation Althoughthiscoupledcolumnsystemand FluorescenceDetection........................................................ 5-6
wasspecificallyvalidatedand• Capillary Electrophoresisof SmallMoleculePharmaceuticals............ 7-9
applied to thepharmacokinetic

• SystemSuitabilitySoflwarefor IncreasingLaboratoryProductivity....... 9-10 analysispilotstudyfor the (+) and (-)mAnalysisof InorganicIons in a VitaminTablet................................ t1-12
MFQ concentrationin plasmaand
whole blood, the techniquecan

*C..... p..... 9o0_hors readilybe applied formanyother

Waters ch, a,compoundswherematrixaffectsare a majorconcernand sensitivityis
DivisionofMILLIPORE a major issue.



Figure 1; Structureof MefloquineEnantiomers. Apparatus.

Theanalyticalmethodinvolvedtwo

1,1._ _ / chromatographicsystemsconnected

oH througha RheodyneModel 7010
switchingvalveequippedwitha

H... ..-N 10 Fmsilicagel column.Theachiral
separationwas performedwitha
Waters600E MultisolventDelivery

[_ _ a:,_ System,a manualinjector,and a

Waters484 TunableAbsorbance
Detectorsetat 285 nm.The484 tun-
able UVdetectorcell couldwithstand

a:_ the back pressurefromthesecond
cF_ a:_ chiralcolumnand theband broaden-

ing was minimalallowing quantitation
of thetotalMFQ and theenantiomers

Theenantiomersof MFQ can be directlyresolvedon a (S)-naphthylureachiral stationaryphase using
a hexane:2-propanohmethanolmobilephase witha stereosetectivily(a) factorof 1.63. Due to witha singleinjection.TheMFQ was
interferencesfromendogenouscompoundsin plasmaand wholeblood samples,thisseparation separatedfrominterferencesin the
couldnot be directlyapplied. Toovercomethisproblem,a coualedachiral- chiral HPLCsystemwas biological matrixand quantitatedon
developed(shownin Figure2) whichminimizedtheanalysistimewhile requiringonly one sample
injection, an achiral cyanobonded phasecol-

umnusingthemobilephasespecified
in Figure3. Byplacing the484 Tun-

Figure 2: TheAchiraI-Chiral Coupled ColumnHPLCSystemMinimizesAnalysisTime. ableAbsorbanceDetectorafterthe
achiralcolumnit was possibleto de-
tectwhen theMFQ enantiomers

[_ l--_ ,-----_ elutedfromtheachiral column.When

w H H u°l thispeakelatedfromtheachiralcol-
umnit was concentratedon thesmall
guard columnand thenbackflushedto
a secondisocraticHPLCsystemusing

_mp [__ H H i theswitchingvalve.WhesecondHPLC

N_ph_pu_ _ Wo_ systemconsistedof an isocraticpump
and a variable UVdetectorsetat
285 nm.Thestereochemicalsepara-
tionof (+)and (-)MFQ chiralsepara-
tionwas accomplishedon a 5 tJm
(S)-naphthylureastationaryphase.I I

Wa_ _ _ cC_,_ I_mp Datafrom bothcoupledsystemswasH H J collectedon integrators.

Sample Preparation.

_mp _]_ H H j Collectionof samples:Blood samples

N_ _ werecollectedfroma healthymate
"_ . w_t_ Caucasianvolunteerafteradministra-

tion of 15 mg/kg of MFQ base.
Bloodsampleswerecollectedbefore
administrationand at variousintervals

through30 days.Thesampleswere
Waters 600E MultisolventDeliverySystemdeliversthemobile_nasefor thecyanocolumn.Thehigh
backpressurecapabilitiesof the Waters484 TunableAbsorbanceDetectorand minimal
bandspreadingwithinthedetectorcell allow in-linecouplingtca secondsystemproviding simulta-
neousassayand chiralilymeasurements.



separatedaftercollectionwith 2 ml Figure3: MFQ Separationon an Achiral CyanoBondedPhaseColumn.
of whale blood transferredto one

' Chr.mal_ramA:SerumBlank
polypropylenetubewhile the remain- a,,,,,,,,_,,_,B:S_u,_Co,,t,:_n_ng_-a_ _ t,t_=lS,°_k,,d
ing somplewascentrifugedand the C_,,,_n_mC:PatienlSerumAfterAdministrationofMFQ

plasmacollectedand transferredto a ,,,A -- _B -1 _Cseparatepolypropylenetube. All
sampleswerestoredat-20°C until
analyzed.

Extraction Procedure and

Response Curves.
MFQ was extractedfromwhole blood _

and plasmaaccordingto Franssen, _ 2 "_ 12
et. al.,4.Thesamplewas concentrated "_ | "_

_j_

by extractionand evaporation.Prior

Lto injectionthesamplewas dissolved
in the mobilephaseand analyzed. _!

The recoveryand reproducibilityof this _methodwas investigatedusingfive
drug freeserumsamplesspikedbe-

tvveen0.1 pg/ml and 1.6 pg/ml _ :_ _ ._ _ :_
racemicMFQ withchloroquine(CQ) _._ _._ t_._t_
added as the internalstandardto

eachsample.A standardcurvefor Thecvo":ocolumnwiththemobilephase hexane:2-propanohmethanol(82:4:141 modifiedwith
totalMFQ {i.e., (+) and (-) MFQ] o.005_ viethylamineseparatesany biological interferencesfromthe internalstandard(peak2) and

plasmaconcentrations was prepared the{+.-: '_FQenantiomers{peak 1).

by theadditionof 0.1 to 1.6 Fg/ml to
drug free serum.Thetotal (+) and (-) Figure4: TheMFQ EnantiomerSeparationon theChiral StationaryPhaseAfter Initial Separation

MFQ studywas carriedout on the ontheAchiralCyanoColumn.

Waters600E basedchromatographic C_,,,_,_g_mA:SerumBlank
systemwith theachiralcolumnand a a,,,,,,,,_,,,B:SerumContainingMFQandtheInternalSlondard
standardcurvewas constructedby a.,,.,:,,=_,_mC:PatientSerumAfterAdministrationof MFQ

plottingtheMFQ/CQ peakheight A B C
ratiosversustheknownMFQ concen-
trations.

Results and Discussion. 2
Undertheachiral chromatographic

conditionsusedin thisstudy,thechro- _ _ ]

matographicretentiontimesof MFQ ,_

and CQ were 7.6 and 12 minutes, ._ _ I_1respectively.TheMFQ and CQ were
well resolvedfromeach otherand
frominterferingcompoundsfromthe

serummatrix(Figures3 and 4).
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Thee_'_'riomerratio is calculatedafterseparationon thecnJralstationaryphase usinga normal
phase -:bile phase.The(+)MFQ enantiomer{peak 1)eutesfirst,fat/owedby the(-) MFQ
enan":-er (peak2).
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' " Thestandardcurvefor theMFQ was section.Bothdeterminationswerecar- Summary.

linear overtherange investigatedwith tied out in a singleexperimentwith Chirality hasbecomea major issuein
a correlationcoefficientof 0.9993. one sampleinjectionminimizingopera- recentyearswith muchwork ongoing

,, " 1he limitof detectionwas 0.05 t_g/ml tar time,calculationsand correlations, to determinetheenantiomericratioand

and thepercentrecoveryrangedfrom Theplasmaconcentrationversus purityof new drugsthatcontainchiral
85%at thelow concentrations timecurvesfor theenantiomersof centers.Inaddition thiswork indicates

(0.1 _g/ml) to 90%at the highcon- MFQ are presentedin Figure5. The thatthe pharmacokineticsand
centrations(1.6 _g/ml). initial resultsindicatethatboththeab- stereoseledivityof drug metabolismis

Representativechromatogramsof the sorptionand eliminationof thedrug of primeimportanceand cannotbe ne-
MFQ enantiomerseparationon the are stereospecific.At eachexperimen- glected.Asshownhere,a methodthat
chiralstationaryphaseare presented tat point, theplasmaconcentrationof couplesachiral and chiralcolumnscan
in Figure4. Thek'sfor (+)MFQ and (-) MFQ enantiomerwas greaterthan provideadded selectivity,specificity
(-) MFQ were 7.9 and 12, respeo thatof the (+)MFQ enantiomer.The and sensitivity,allowing moreaccurate
tively.Sincebaselineresolutionof the MFQ plasmaconcentrationratiovar- chiralanalysisfromchallengingsample
MFQ enantiomerswas notobtained led from 1.7 at two hoursto 11.5 at matrices.
underthechromatographicconditions 504 hours.Without thestereoselective
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The MFQ was administered as a racemic mixture but the plasma _evels differ significantly. To ensure
accurate blood level measurements of the active enantiomer, rne :ndividual enantiomers must be

determined.
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