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'rugsaremostcommonlygiventothebodybytheoralrouteof
dministration, which leads to greater patient compliance
ecause of the ease of administration. Using modern
achniques ofdrugdiscovery,chemistscansynthesiselarge
umbersofmoleculesinashorttime,buttheyoftencreate
10lecules that are poorly absorbed. It is important that
10leculeswithalowpotentialforgastro-intestinalabsorption
reidentified as soon as possible, and discontinued from
evelopment.

wvivomeasurementsofabsorptionaredifficultandslow,and
otsuitableforscreeningforabsorption potentialduringdrug
iscovery. A number of physicochemical properties
ipophilicity,solubility,size,hydrogen-bondingcharacteristics)
ifluence theabilityofa molecule to permeate through a
1embrane by passive diffusion. Moreover, permeability,
olubilityandlipophilicityarepH-dependentforionisabledrugs,
thichrepresentabout70%ofthemoleculeslistedintheWorld
rrugindex.Therefore,knowledgeoftheionisationconstant,
K,isimportant.Thispaperdetailsamethod for the rapid
1easurementofpK, values.

AaterialsandMethods

‘heProfilerSGA (Figurel)hasbeendevelopedtoaddressthe
eedfor'highthroughput'measurementsofionisation(pK’
onstants.LargenumbersofpK, measurementscanbemade
ery quickly, using small amounts of samples. A patented
rocedurewasdevisedbycreatingalinearpHgradientusing
nxed buffers, injecting the sample, and measuring UV
bsorbance.

igurel.Profiler SGA (SpectrumGradientAnalyser)

igure2showsaschematicoftheinstrument.Samplesare
resentedaslOmMsolutionspreparedinDMSOin96-well
lates.AflowingpHgradientisproducedbymixingtwobuffer
olutionscontainingmixturesofweakacidsandbasesthatdo
otabsorbsignificantlyintheUVabove250nm.20uLofeactk
ampleisdilutedwithwaterandtheninjecteddirectlyintothe
owinggradient,whichthenpassesthroughadiodearray
pectrophotometermeasuring intheUVwavelengthrange.
hebufferhasbeenformulatedsothatitsacid-basetitration
urveislinearoverawidepHrange,suchthatthepHofhe
radient isalinearfunctionoftime.ThesolutionpHinthe
ieasurement flow cellisthereforeproportionalto the time
lapsedsincethestartofgradientgeneration.Thesample's
K, valuesarecalculatedfromthechangeinUVabsorbanceat
wiltiplewavelengthsasafunctionofpH.
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igure2.ProfilerSGA schematic
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nitially,acidicbuffer(pH2)ispassedthroughtheflow-cellofthe
liodearrayspectrophotometer(1mL/min)anddilutedsample
5 introduced ataconstantflowrate(0.2mL/min).ThepH
jradientis thenchangedfrompH2topH12inaperiodof:
ninutesandiscontrolledbytwocomputercontrolledsyringe
lispensersthatareinverselyvariedinspeedwhilstmaintaining
. constant total flow-rate (1 mL/min).Finally,basic buffer
pH12)andsamplearepassedthroughtheflow-cellforashort
imebeforetheflow-celliswashedreadyforthenextsample.
Alternatively,thepHgradientisunintheoppositedirection
rom pH12to pH2.)UVspectraarerecordedeverysecond
luring this time. The whole procedure of sample dilution,
lowinanHaradientandfliichinatakesahnntEminntes

High Throughput pK_, Measurements

ThepHgradientwascalibratedbyinjectingstandards(at
concentrationsof5x10°-5x10 ° M)withknownpK,
valuesandstrongUVabsorbance.Twosolutionswere
prepared, the first containing two standards mixed
together,thesecondcontaininganotherthreestandards.
Eachstandardsolutionwasinjectedintothegradient
oncebeforea(96well)plateofsamplesandagainatthe
endofthesampleplate.TheUVabsorbanceofeach
standardmixturewasmeasuredat30wavelengths,and
theabsorbancevaluesweredifferentiatedwithrespect
totime.Thepositionsofthepeakmaximaonthetime
axisindicatethetimeswhenthegreatestchangeinUV
absorbance at all wavelengths is occurring, which
correspondstothepKvaluesofthestandards.Hence,a
linearcalibrationgraphmaybeplottedofpK, versustime
ofmaximumpeakheight(Figure3aand3b).
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Figure3aDerivativeSpectraofProfilerSGA
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Figure3bCalibrationplotofProfiler SGA

Peaksforunknownsamplescanbereaddirectlyfrom
thiscalibration to determine their pK, values,where
samplescontainsingleornon-overlappingpKyalues.

Inthecasesofsampleshavingmultipleoverlapping
pKs itisnecessary to use a calculation technique
knownasTargetFactorAnalysis(TFA).Tosummarize,
spectraldataconsistsofabsorbancevaluesmeasured
at differentwavelengthsandpHvalues.Thiscanbe
expressedasamatrix A.InvokingBeer'slaw(A=CE),A
isrelatedtospeciesconcentrationandabsorptivityas
follows:the C matrix represents theconcentrationof
eachindependentlight-absorbingspeciesofthesample
as a function of pH and species and the E matrix
representsthemolarabsorptivityofeachspecies(with
theinclusionoftheopticalpathlength)asafunctionof
pHandwavelength.The A matrixisbasedonmeasured
values, but at the start of the calculation, the
concentrations and absorptivities in the C and E
matrixesarebased on guessed values. During the
calculation,the A matrixisdeconvolutedusingTFA,in
which values of concentration and absorptivity are
proposedinterativelyuntil A - CE tendstoaminimum.
Whentheminimumoccurs,thepK, valuesrequiredto
calculate the distribution ofspecies shownin the C
matrixareassumedtobethecorrectpKyvalues.

ResultsandDiscussion

Figure4showsProfilerSGA valuesfor25compounds
plotted against the corresponding literature values
measured by pH-metric or traditionalUVmethods.A
linearregressionlinehasbeenfittedtothedatawithan
R® valueof0.996,demonstratingthevalidityofthenew
technique.Moreover,theplotcontains41pK, values
indicatingthatmanyofthecompoundshavetwoormore
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VeasuredLiteraturepKas
A=acetylsalicylicacid,B=acyclovir,C=albendazole,D=amiloride,E=clonidine,
F=diazepam,G=enrofloxacin,H=famotidine,|=flumequine,J=furosemide,
K=hexobarbital,L=homidium,M=hydrochlorothiazide,N=labetalol,
O=nicotinincacid,P=niflumicacid,Q=nitrazepam,R=oxitetracycline,
S=phenazopyridine, T=phenobarbital, U=quinine,V=sulfacetamide,
W-=tetracycline,X=uracil,Y=warfarin.

Figure4.ValidationofProfilerSGA
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Warfarinisanexampleofacompoundwithasingleionizable
group and it's pK, value can be clearly read from the 1’
derivativeplotofabsorbanceversuspH(figure5).
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Figure5.1" derivativeplotofabsorbancevspHfor
Warfarin
Labetalol,ontheotherhand,isanexampleofacompoundwitt
twohighlyoverlappingpKavalues.Thephenolgroupcauses
large change in absorbance and obscures the smalle
absorbancechangeattributedtotheaminegroup(figure6aanc
6b). Inthiscase, TFAisusedtodeterminebothpKavalues

(figure6cand6d).
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Figure6a.&6b.Absorbanceand1™ derivativeplotfor
labetalol
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valuesatpH7.4and9.4andmolar
absorbtivityprofile.
GraphSymbols:HX " (x),HX(+),X (0).

Conclusions

TheProfilerSGA offerstheabilitytodeploya“highthroughput
approachtothemeasurementofpK, values.Theinstrumer
workswithsmallquantitiesofsampletakenfrom96wellplates
Analysis times are about 5 minutes per sample thereb
providingathroughputofseveralhundredcompoundsaday.

References
Hill, A.Bevan,C.Reynolds,D.Analyticalmethodandapparatustherefor.Internatione
PatentApplicationWw099/13328,1999.

Box,K.;Bevan,C.;Comer,J.;Hill,A.;Allen,R.;Reynolds,D.Anal.Chem.2003,75(4
883-892.

LiteraturepKavaluesfromvarioussources

CompoundsE,F,J,M,N,0,V: Tam,K.Y.;Takaks-Novak,K.Anal.Chim.Acta 200:
434,157-167.

CompoundsA,|I,P,Q,U: SiriusTechnicalApplicationNotes,1.;SiriusAnalytical
InstrumentsLtd.:ForestRow:RH185DW,UK,1994.

CompoundC: Takacs-Novak,K.;Box,K.J. Avdeef A. Int.J.Pharm. 1997, 151 (2
235-248.

CompoundX: SiriusTechnicalApplicationNotes,2.;SiriusAnalytical
InstrumentsLtd.:ForestRow:RH185DW,UK,1995.

CompoundsB,D,K: Sammes,P.G.;Drayton,C.J.;Hansch,C.;Taylor,J.B.
ComprehensiveMedicinalChemistry;PergamonPress:Oxford,1990;Vol.6.
CompoundY: Avdeef,A.;Box,K.J.;Comer,J.E.A.;Hibbert,C.;Tam ,K.Y. Pharm
Res. 1998, 15 (2),209-215.

ggompoundH: Avdeef,A.;Berger,C.M.;Brownell,C. PharmRes. 2000,17 (1),85-

CompoundsR,W: Stephens,C.R.;Murai,K.;Brunings,K.J.;Woodward,R.B. J.
Am.Chem.Soc. 1956, 78,4155-4157.

CompoundS: Avdeef,A. Curr.Top.Med.Chem. 2001,1,277-351.
CompoundsG,TSirius,unpublishedpH-metricresults.

CompoundL: Sirius,unpublishedpH-UVresult.

SiriusAnalyticallnstrumentsLtc
www.sirius-analytical.con



