
Introduction

MaterialsandMethods

Drugsaremostcommonlygiventothebodybytheoralrouteof
administration, which leads to greater patient compliance
because of the ease of administration. Using modern
techniques ofdrugdiscovery,chemistscansynthesiselarge
numbersofmoleculesinashort t ime,but theyoftencreate
molecules that are poorly absorbed. It is important that
moleculeswithalowpotentialforgastro-intestinalabsorption
areidentified as soon as possible, and discontinued from
development.

Invivomeasurementsofabsorptionaredifficultandslow,and
notsuitableforscreeningforabsorption potentialduringdrug
discovery. A number of physicochemical properties
(lipophilicity,solubility,size,hydrogen-bondingcharacteristics)
influence the a b i l i t y o f a molecule to permeate through a
membrane by passive diffusion. Moreover, permeability,
solubilityandlipophilicityarepH-dependentforionisabledrugs,
whichrepresentabout70%ofthemoleculeslistedintheWorld
DrugIndex.Therefore,knowledgeoftheionisationconstant,
pK, is important .Thispaperdeta i lsamethod for the rapid
measurementofpK values.

TheProfiler (Figure1)hasbeendevelopedtoaddressthe
needfor'highthroughput'measurementsofionisation(pK)
constants.LargenumbersofpK measurementscanbemade
very quickly, using small amounts of samples. A patented
procedurewasdevisedbycreatingalinearpHgradientusing
mixed buffers, injecting the sample, and measuring UV
absorbance.
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Figure1.ProfilerSGA (SpectrumGradientAnalyser)

Figure2showsaschematicoftheinstrument.Samplesare
presentedas10mMsolutionspreparedinDMSOin96-well
plates.AflowingpHgradientisproducedbymixingtwobuffer
solutionscontainingmixturesofweakacidsandbasesthatdo
notabsorbsignificantlyintheUVabove250nm.20µLofeach
sampleisdilutedwithwaterandtheninjecteddirectlyintothe
flowinggradient,wh ich thenpasses th roughad iodear ray
spectrophotometermeasuring intheUVwavelengthrange.
Thebufferhasbeenformulatedsothatitsacid-basetitration
curve is l inearoverawidepHrange,suchthat thepHof the
gradient isa l inear func t ionof t ime.Theso lu t ionpHin the
measurement flow cell isthereforeproportionalto the time
elapsedsincethestartofgradientgeneration.Thesample's
pK valuesarecalculatedfromthechangeinUVabsorbanceat
multiplewavelengthsasafunctionofpH.
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Figure2.Profiler schematicSGA

Initially,acidicbuffer(pH2)ispassedthroughtheflow-cellofthe
diodearrayspectrophotometer(1mL/min)anddilutedsample
is introduced atacons tan t f lowra te (0 .2mL/min) .ThepH
gradientis then c h a n g e d f r o m p H 2 t o p H 1 2 i n a p e r i o d o f 2
minutesandiscontrolledbytwocomputercontrolledsyringe
dispensersthatareinverselyvariedinspeedwhilstmaintaining
a constant total flow-rate (1 mL/min).Final ly,basic buffer
(pH12)andsamplearepassedthroughtheflow-cellforashort
timebeforetheflow-celliswashedreadyforthenextsample.
(Alternatively,thepHgradientisrunintheoppositedirection
from pH12to pH2.)UVspectraarerecordedeverysecond
during this time. The whole procedure of sample dilution,
flowingpHgradientandflushingtakesabout5minutes.

Figure3aDerivativeSpectraofProfiler
Standards.(Peaksat50,58,77,99
and104secs)
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Figure3bCalibrationplotofProfiler SGA

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

Inthecasesofsampleshavingmult ip leoverlapping
p K s it isnecessary to use a calculation technique
knownasTargetFactorAnalysis(TFA).Tosummarize,
spectraldataconsistsofabsorbancevaluesmeasured
at di f ferentwavelengthsandpHvalues.Thiscanbe
expressedasamatrix .InvokingBeer'slaw( ),
isrelatedtospeciesconcentrationandabsorptivityas
follows:the matrix represents theconcentrationof
eachindependentlight-absorbingspeciesofthesample
as a function of pH and species and the matrix
representsthemolarabsorptivityofeachspecies(with
theinclusionoftheopticalpathlength)asafunctionof
pHandwavelength.The matrixisbasedonmeasured
values, but at the start of the calculation, the
concentrations and absorptivities in the and
matrixes a r e b a s e d on guessed values. During the
calculation,the matrixisdeconvolutedusingTFA,in
which values of concentration and absorptivity are
proposedinterativelyuntil - tendstoaminimum.
Whentheminimumoccurs,thepK valuesrequired t o
calculate the distribution ofspecies shownin the
matrixareassumedtobethecorrectpKvalues.
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Figure6c.&6d. DistributionofspeciesshowingpK
valuesatpH7.4and9.4andmolar
absorbtivityprofile.
GraphSymbols:HX (x),HX(+),X (0).
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ResultsandDiscussion

Figure4showsProfiler valuesfor25compounds
plotted against the corresponding literature values
measured by pH-metric or tradit ionalUVmethods.A
linearregressionlinehasbeenfittedtothedatawithan
R valueof0.996,demonstratingthevalidityofthenew
technique.Moreover , theplotconta ins41pK values
indicatingthatmanyofthecompoundshavetwoormore
ionizablegroups.
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Warfarinisanexampleofacompoundwithasingleionizable
group and it's pK value can be clearly read from the 1
derivativeplotofabsorbanceversuspH(figure5).
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Labetalol,ontheotherhand,isanexampleofacompoundwith
twohighlyoverlappingpKavalues.Thephenolgroupcausesa
large change in absorbance and obscures the smaller
absorbancechangeattributedtotheaminegroup(figure6aand
6b). In th iscase,TFAisusedtodeterminebothpKavalues
(figure6cand6d).

Conclusions

TheProfiler offerstheabilitytodeploya“highthroughput”
approachtothemeasurementofpK values.Theinstrument
workswithsmallquantitiesofsampletakenfrom96wellplates.
Analysis times are about 5 minutes per sample thereby
providingathroughputofseveralhundredcompoundsaday.
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Figure5.1 derivativeplotofabsorbancevspHfor
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st

acid
buffer

base
buffer

DiodeArray
Spectrophotometer waste

dilutedsample samplein
DMSOsolution

valve&syringe
valve&syringe

valve&
syringe

P

O

B

L

Q

T

H

Q
M

J
C

U

P

O Y
V

S
G

I
H

R

T

W

N
G

K

E
U

M

D
X

R
W

N
B

W
R

F
C

J
A

R2 =0.996

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

MeasuredLiteraturepKas

A=acetylsalicylicacid,B=acyclovir,C=albendazole,D=amiloride,E=clonidine,
F=diazepam,G=enrofloxacin,H=famotidine,I=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.
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Figure6a.&6b.Absorbanceand1 derivativeplotfor
labetalol
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ThepHgradientwascalibratedbyinjectingstandards(at
concentrationsof5x10 - 5 x 1 0 M)withknownpK
valuesandstrongUVabsorbance.Twosolutionswere
prepared, the first containing two standards mixed
together,thesecondcontaininganotherthreestandards.
Eachstandardsolutionwasinjectedintothegradient
oncebeforea(96well)plateofsamplesandagainatthe
endof thesampleplate.TheUVabsorbanceofeach
standardmixturewasmeasuredat30wavelengths,and
theabsorbancevaluesweredifferentiatedwithrespect
tot ime.Theposi t ionsof thepeakmaximaonthet ime
axisin dicatethetimeswhenthegreatestchangeinUV
absorbance at all wavelengths is occurring, which
correspondstothepKvaluesofthestandards.Hence,a
linearcalibrationgraphmaybeplottedofpK versustime
ofmaximumpeakheight(Figure3aand3b).
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Figure4.ValidationofProfilerSGA
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