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Determination of Tamoxifen and Four Metabolites in Serum by Low-Dispersion Liquid
Chromatography
Ernst Asbjørn Lien,1 Per Magne Ueland,1 Einar Solheim,2 and Stener Kvinnsland3’4

In this assay of tamoxifen and four metabolites in human
serum, the serum samples are deproteinized with an equal
volume of acetonitrile, then injected into a small (0.21 x 2
cm) precolumn packed with 5-~tm-diameter octadecylsilane
(ODS) particles. The samples are concentrated on-column
by equilibrating the column with an equivolume solution of
water and acetonitrile containing 3 mmol of acetjo acid and 2
mmol of diethylamine per liter. The drugs are then directed
into an analytical ODS column (0.21 x 10 cm) by changing
the mobile phase foilowed by column switching. The primary
alcohol of tamoxifen (‘metabolite Y’), 4-hydroxytamoxifen
(metabolite B”), tamoxifen, N-desdimethyltamoxifen (me-
tabolite Z”), N-desmethyltamoxifen (“metabolite X”), and 4-
methoxytamoxifen (internal standard) are eluted in this order
at a flow rate of 0.3 mL/min with a mobile phase of acetoni-
trile/water (91/9 by vol) at low ionic strength (1 mmol of acetic
acid and 0.67 mmol of diethylamine per liter) and detected by
post-column fluorescence activation by passage through a
capillary quartz tube exposed to ultraviolet Iight. Analytical
recovery was ciose to 100%. Within-day precision corre-
sponded to a CV of 1—5% at serum concentrations of
tamoxiten ar metabolites >10 ~g/L; thedetection >im,t at the
assay for these compounds was about i p~gIL. This fully
automated assay has the advantage of simple sample proc-
essing, high sample output, low solvent consumption, high
analytical recovery of tamoxifen and four metabolites in
serum, and determination of all these compounds plus an
internal standard in a single run.

Additional Keyphrases: drug assay chemotherapy anti-
estrogen drug pharmacokinetics mass spectrometry

Tarnoxifen Ltrans-1-(4-~3-dimethylaminoethoxypheny1)-
1,2-diphenylbut-1-ene],a nonsteroidalanti-estrogen,has
beenusedextensivelyin thepalliative treatmentofbreast
cancerformorethanadecade(1). Thebiological activity of
this drughasbeenattributedto boththeparentcompound
and its metabolites.N-Desmethyltamoxifen(“metabolite
X”) is the majormetaboliteof tamoxifenin humanseruju,
whereasonly traceamountsof 4-hydroxytamoxifen(“Ine-
taboliteB”) havebeendetected(2,3).However,interesthas
beenfocusedon the latter compoundbecauseof its high
potencyas an anti-estrogen(4). Othermetabolitesin hu-
mansaretrans-1-(4-hydroxyethoxyphenyl)-1,2-diphenylbut-
1-ene (“metaboliteY”) (5, 6) andN-desdimethyltamoxifen
(“metaboliteZ”) (5). The structuresofthesecompoundsare
depictedin Figure 1.

Thewidespreaduseoftamoxifenhasstimulatedefforts to
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developroutine assaysfor thisdrug andits metabolitesin
humanplasma.Severaltechniqueshavebeenpublislied.A
procedurebasedongaschromatographyandmassspectrom-
etry is highly specific,butrequiresderivatizationof sample
and involvesequipmentnot generallyavailable (2). The
thin-layer and ‘~high-pressure”liquid-chromatographic
(HPLC) methods(7—9) deseribedall involve photochemical
conversionof tainoxifenand its metabolitesto fluorescent
phenanthrenederivatives before chromatography.~An
HPLC assaywith post-columnfluorescenceactivation,de-
velopedby Brown et al. (10), avoidsproblemsrelatedto the
variablephotochemicaldegradationof the phenanthrenes.

The publishedHPLCmetliodsfor tamoxifenin serumdo
not allow the simultaneousdeterminationof thedrug and
its majormetabolitesin serum.Furthermore,mostassays
requirea time-consumingextractionof the compoundsinto
anorganicphase,evaporation,andredissolvingthe samples
beforeinjection. Sufficient sampleclean-uphas also been
obtainedby passingsamplesthroughreversed-phasecar-
tridges (11). The assaysbasedon precolumnderivatization
(8,9) includeevenfurtherprocessing,i.e.,constantultravio-
let illumination of the extract.The variablerecoveryob-
tained can be corripensatedfor by usingan internalstan-
dard,buttrying to selectasuitablecompoundhaspresented
problems (10). Anotherdisadvantagewith the established
assaysis the high consurnptionof the organic solvent,
usuallymethanol,in the mobile phase,owing te thehydro-
phobic propertiesof the analytesandthe high flow rates
used.

Our efforts to developan improved assayfor tamoxifen

~Nonstandardabbreviations:HPLC, ~‘high-pressure”liquid chro-
matography;LCIMS, liquid chromatography/massspectrometry;
ODS, octadecylsilane.
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Identity Abbreviation R1 R2

4-Hydroxytamoxifen Metabolite5 HO CH3 ~NCH2CH2O-CM3—

N-Desmethyltamoxifen MetaboliteX H CH3....NcHcH~

Primaryalcohol Metabolite~ H HO~CHCHO

N-Desdiniethyltamoxifen MetaboliteZ H H2NCH2CH2O-

Fig. 1. Structural formulas of tamoxifen and four metabolites
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andits metabolitesweremotivatedby the needto evaluate
the biological effects and pharmacokineticsof the newly
discoveredmetabolitesin serumrelativeto the kineticsof
the parentdrug. Furthermore,new therapeuticregimens
combiningthe useoftamoxifenwith otlierendocrinethera-
pies in breastcancer (12—15) suggestthe possibility of
pharmacokineticinteraction.Finally, botli tamoxifenand
its active metabolites in serummust be monitored to
optimizedoseschedulesandto evaluatepatientcompliance.

Herewedescribea simpleassayfor thedeterminationof
tamoxifenand four metabolitesin humanserum.With this
assay,whichexploitstherecentdevelopmentof ~~lowdisper-
sion” liquid chromatography(16), we obtainedon-colunm
concentrationand separationof thesecompoundsunder
conditionscharacterizedby low acetonitrilecontentandlow
ionic streng-th,respeetively.

Materials and Methods

Materials

Reagents.Tamoxifen, 4-hydroxytamoxifen,and N-des-
methyltamoxifenwereobtainedframPharmachemieBy.,
Hanriem,Holland.MetaboliteY, N-desdimethyltamoxifen,
andthe4-hydroxytamoxifenusedto synthesizetheintemal
standardweregiftsfrom ImperialChemicalIndustriesPLC,
PharmaceuticalsDiv., Macclesfield,Cheshire,U.K. ~‘HPLC-
grade” acetonitrilewaspurchasedfrom RathburnChemi-
cals, Ltd., Walkerburn, Scotland, U.K. Acetic acid and
diethylaminewere fromMerck AG, Darmstadt,F.R.G.The
0.21 x 10 cm reversed-pliaseanalyticalcolumn [packed
with 5-vm particlesof octadecylsilane(ODS)-Hypersil]and
the 0.21 x 2 cm precolumn(samepacking)werepurehased
from Hewlett-Packard,PaloAlto, CA.

The internalstandardwassynthesizedfrom4-hydroxyta-
moxifen by derivatizationin the presenceof diazomethane
(17). Diazomethanein etherwasaddedto a solution of 4-
hydroxytamoxifenin methanol (400 mg in 10 mL), then
stirred for 30 min at room temperature.The reaction
mixture was analyzedand purified on a 0.46 x 10 cm
reversed-pliasecolumnpackedwith 3-~Lm particlesof ODS-
Hypersil,elutedisocraticallywith amobilephaseof acetoni-
trile/water(84/16 by val) containing 3 mmol af aceticacid
and 2 mmol of diethylamineper liter. Four ultraviolet-
absorbingpeaks,including4-hydroxytamoxifen,were ab-
served;the peakwith langestretentiontime wasanalyzed
in the chromatographicsystemroutinelyusedfor determi-
nation of tamoxifen and its metabolitesin serum (see
below), and was separatedfrom thesecompounds.There-
fore, the material in this peakwasregardedasasuitable
internalstandard.The selectedpeaksfrom repeatedruns
were pooled,evaporated,andsubjectedto liquid chromato-
graphy/massspectrometry(LC/MS) with aModel 201 mass
spectrometer(Vestec,Houston,TX). Themassafthemolec-
ularion (M t 1) + was402 mlz. Wetentativelyidentifiedthe
compoundasmethoxytamoxifen.

Standards.Tamoxifen, metaboliteY, 4-hydroxytamoxi-
fen, N-desdimethyltamoxifen,andN-desmethyltamoxifen
weredissolvedin 100%methanolataconcentrationof4 g/L.
We diluted thesestock solutionsto known cancentrations,
eitherin acetonitrile/water(1/1 by vol) or in serum.

Procedures

Samplepracessing.Serumwas routinely processedby
mixing sampleswith anequalvolumeof 100% acetonitrile;
we removedthe precipitatedproteinby centrifugation.The

supernateswere transferredto samplevials, capped,and
analyzed.

Chromatography.The HPLCsystemwasprogrammedto
inject 250-FL samplesinte the 0.21 >< 2 cm precolumn
packedwith 5-kmparticlesofODS-Hypersilandequilibrat-
edwith acetonitrile/water(1/1,by val) containing3 mmol of
acetic acid and 2 mmol of diethylamineper liter. Under
theseconditionstheanalytesareconcentratedonthe preco-
lumn. After 0.1min, wechangedthe acetonitrilepropartian
of the mobilephaseto 91% andtheconcentrationsof acetic
acid anddiethylamineto i and0.67 mmal/L, respectively.
The mabile phaseflows throughtheprecolumn,bypassing
theanalyticalcolumnframtimezerata 1.4min,afterwhich
theeffluent from theprecolumnis directedta thesmall-bare
analytical reversed-phasecolumn, 0.21 x 10 cm, packed
with 5-pm particles of ODS-Hypersil, by an autamated
column-switchingvalve. The temperatureis kept at 400C
and the flaw rateat 0.3 mL/min.

Recoveryandprecisionstudie.s.Tamaxifen,metaboliteY,
4-hydraxytamaxifen,N-desdimethyltamoxifen,andN-des-
methyltamaxifenwereaddedta drug-freeserumar ta an
equivalumesalutianafacetonitrile/waterta give a concen-
tration af 4 mg af eachcompaundper liter. Fram these
solutions,wepreparedsamplescontainingeachcompaund
at 800, 100,ar 10 pg!L in eithermatrix.Wethenextracted
the serumsampleswith anequalvolumeafacetonitrileand
calculatedthe recoveryas the percentagerecaveredfram
serum relative ta the amount detectedin the acetani-
trile/water matrix.

Tadeterminethewithin-run precisian(CV) afthe assay,
we assayed10 replicatesaf serumwith addedtamaxifen,
metabolite Y, 4-hydraxytamoxifen,N-desdimethyltamaxi-
fen, andN-desmethyltamaxifen,eachat a concentrationof
800, 100, ar 10 ~g/L. Thebetween-dayprecisianwasdeter-
minedby assaying,an 10 differentdays,seraframanather
batchpreparedin the sameway.

We included the internal standardin all samplesby
addingthiscompaundto theacetonitrileusedfordepratein-
izing thesamples.Theamauntaddedwasadjustedto give a
fluarescencepeakcarrespondingta that praducedby about
100 ~g aftamoxifenper liter.

Assaystandardcurveanddeteetionlimit. Weprepareda
standardcurveby addingknawncancentratiansaftamaxi-
fenandits metabolites,rangingbetween1600and0.5pg!L,
to serum.Thedetectianlimit wasdeterminedby extracting
serumsamplescantainingaddedtamoxifenand its metabo-
lites, at concentrationsaf 20, 10, 4, 2, 1, ar0.5 ~.cg/L.

Instrumentation

Weuseda Hewlett-Packardliquid chromatagraph(Madel
HP1090),equippedwith aternarysolvent-deliverysystem,
an HPLC autasampler,a column-switchingvalve, and a
250-J.LLinjectiansyringe.Thecolumnsweremauntedinan
oven and the temperaturewas set at 40 0C. The effiuent
framthe calumnwasconnectedto a past-calumnconverter
with a 0.17 mm (i.d.) stainless-steeltube. The canverter
(Figure2) wasbuilt at aurlabaratary,asfollows:

We abtaineda flexible capillary quartztube,1 m x 0.2
mm (i.d.), by remavingthe caatingfram a fused silica
tubing.We thencannectedthe silica tubingto a stainless-
steel0.17mm(i.d.) tubingby usingazera-dead-valumebutt
connectar(Supelca,Bellefonte,PA). We madeeveryeffart to
avaiddeadvalume,which seriauslydeterioratesthe chro-
matagraphicresalutianofthelaw-dispersianLC system.We
mauntedthe fused silica tubing in a reflector chamber,
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From IIPLC

Fig. 2. Construction af the post-column fluorescence converter
SS, stainiess steel; UV, ultraviolet

supportingthe bentpartionwith coppertubing. The silica
tubewasilluminatedby twa ultraviolet-emittinglamps(R-
52G; Ultra-Violet Products,mc., SanGabriel,CA) placed2
cm fram the tube. The chamberwascaoledandthe azane
producedwas removedfram the chamberby usinga fan.
The autlet fram the converterwascannectedta an HPLC
fluorescencedetector (Model 980; Kratos, Manchester,
U.K.). Weadjustedthewavelengthaftheprimarylight path
te 251 nm (10-nmslit width) and fitted the secandarylight
pathwith an 360-nminterferencefilter,

To identify the elutingpeaks,we connectedthe effluent-

from the columnta a LC/MS thermaspraysystem(Vestec).
Before it enteredthe thermosprayprobe,the effluent was
mixed with 0.1 mmal/Lammaniumacetatereagent,deliv-
ered at a rate af 0.7 mL/min via a zera-dead-valumeT-
cannector.

Results
Extractian procedures.We preparedserumsamplesto

contain10,100,ar800 ~g eachof tamoxifen,metaboliteY,
4-hydroxytamaxifen,N-desdimethyltamoxifen,and N-des-
methyltamoxifenper liter. All samplescantainedthe same
concentratianaf internal standard.We obtainedcamplete
recoveryafthesecompaundsframserumextractedwith an
equalvalumeafacetanitrile(Table 1).

Liquid chramatography.Figure 3 shawschromatograms
ofseruinframapatientnottakingtamaxifen(blankserum,
traceB); drug-freeserumwith addedtamoxifen,metabolite
Y, 4-hydroxytamaxifen,N-desdimethyltamoxifen,and N-
desmethyltamaxifen(20 ar400.pg/L each),andtheinternal
standard(tracesA andC); andserumfram a patientwho
hadreceived40 mg af tamoxifen twice daily far manths
(traceD).

Wefaundno interferingcompaundsin blankplasma.
The campaundseluted in the arder: metabalite Y, 4-

hydroxytamaxifen,tamoxifen,N-desdimethyltamoxifen,N-
desmethyltamaxifen,andthe internalstandard.This base-
line separatiandependedcritically anelutingtheanalytical
columnatlaw ionic strength(1 mniol of aceticacidand0.67
mmal of diethylamineper liter). Whenwe increasedthe
concentratiansofaceticacidanddiethylaminein themabile

Table 1. Analytical Recovery of Tamoxifen and Its
Metabolites in Serum

% of added that was measured

Nithout 1.5.
concn,
~tg/L Mean SD

Metabolite Y
10 102 2.1

100 111 1.1
800 105 0.7

4-Hydroxytamoxifen
10 106 1.3

100 107 0.6
800 108 0.7

Tamoxifen
10 102 1.7

100 103 0.8
800 106 0.8

N-Desdimethyltamoxifen
10 103 5.7

100 101 1.4
800 100 0.9

N-Desmethyltamoxifen
10 104 2.1

100 105 0.6
800 108 1.2

Wmth 1.5.

cv, % Mean SD CV, %

2.0 121 2.8 2.3
1.0 129 1.5 1.2
0.7 132 2.8 2.1

1.2 126 2.0 1.6
0.6 130 1.5 1.1
0.7 138 3.3 2.3

1.8 118 2.6 2.2
0.7 123 1.9 1.5
0.8 125 2.5 2.0

5.6 111 6.3 5.7
1.4 117 1.4 1.2
0.9 125 2.5 2.0

2.0 124 2.7 2.2
0.6 125 1.8 1.5
1.1 125 2.9 2.3

n = 10 each. IS., internal standard.

phaseby morethantwofold, tamoxifenandN-desdimethyl-
tamoxifenco-elutedin all elutiansystemstested,including
variatiansin acetonitrileconcentration(60—100%)andpH
(abtainedbychangingtherelativeamauntsafdiethylamine
andaceticacid).

We also observedthat thesetwa campaundsco-eluted
when the concentratianaf acetanitriledeviatedmarkedly
fram 91%.

MetaboliteY elutedclaseta the solventfront,suchthata
serumpeakcausedsameinterferenceatlow cancentratians
afthiscampaund(<4~gIL).Also, 4-hydraxytamaxifenelut-
ed at a paint correspondingta a slight fluctuation in the
baseline,which interferedwith peak integratianat law
concentratians.We thereforeusedpeakheight insteadaf
peakareafor the determinationaf this campaundin the
cancentratianrange 1—3 ~Lg/L.The hydraphabic cam-
paunds—tamoxifen,N-desdimethyltamoxifen,N-desmeth-
yltamoxifen,andtheinternalstandard—showedthe langest
retentiontimes,elutingin a regianwherethe baselinewas
stable. All compaunds, except N-desdimethyltamoxifen,
shawedabautthe samefluarescenceyjeld (Figure 3).

Identificatianaf chramatographicpeaksby LC/MS.Spec-
tra for all referencecampaunds,exceptmetabaliteY, gave
only anemajorpeak correspondingto the (M + 1) ian,
whereasmetabalite Y gave the (M + 18< jan, which
carrespandsta the ammonjaadduct.

Figure4, traceB, showsa single-lonmonitaringtraceaf
the sameserumsampleshown in Figure 3C. We set the
instrumentto monitoraneian at a time, at selectedtimes:
m/z 362 (metabalite Y) fram 0 ta 5 min, mlz 388 (4-
hydraxytamoxifen)fram 5 to 7.5 min, m/z 372 (tamoxifen)
fram7.5 ta 10 min, m/z 344 (N-desdimethyltamoxifen)fram
10 ta 12 min, mlz358 (N-desmethyltamaxifen)fram12 to 15
min, andm/z 402 (4-methoxytamaxifen)fram 15 ta 21 min.
Therespansedifferedmarkedlybetweenthecampaunds.4-
Hydraxytamaxifenproduceda largepeak; tamoxifen,me-
tabalite Y, and N-desmethyltamaxifengave a moderate
response;andN-desdimethyltamoxifengave a small re-
sponse.Theintemal standardcauldnotbedetected.

UV-Lomps

Butt connector (Supelco)
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Fig. 3. Chramatagrams of tamaxifen and faur metabolites plus internal standard in serum, indicating the respeotive retentian times (minutes)
A; serum plus 20 btg/L eacll at metabalite Y f 4.08 min). 4-hydraxytamaxifen 6.09 min), tamoxiten (8.57 min), N.desdimethyltamaxifen (10.33 min), and N-
desmethyltamaxifen (12.78 min). B;blank serum recarded atthe same attenuatian as-A. C;serum with 400 p~ at each campaund-addeertiter. D;serum fram a patient
treated with tamaxifen (40 mg twice daily) far 12 manths; attenuatian as in G. All samples exæpt blank serum were supplemented with internal standard ta give-a
fluarescence yield carrespanding ta that af 100 gg af tamoxifen perliter. The attenuatian was autamatically adiusted atter 16min, sathat the height af the peak did naf ex-
ceed the range at the chart recarder

TraceC, a LC/MS traceof the sermnshowninFigure 3D
for a patient receiving tamoxifen far montlis, contains
distinct peakscarrespondingto theretentiontimesof me-
tabolite Y, tamoxifen, N-desdimethyltamoxifen,and N-
desmethyltamoxifen.Inspection of Figure 3C and D and
Figure 4B and C showsthat the heightsof the separate
peaks relativeto thatofthe standardswereabautthesame
for both detectorsystems.This observationcanfirms the
identityof thesepeaksin chromatogramsframthe patient
treatedwith tamoxifen.

Standard curves, detection limit, and precisian af the
method.Thestandardcurvesfor tamaxifen,metaboliteY, 4-
hydroxytamoxifen, N-desdimethyltamaxifen,and N-des-
methyltamoxifenare shown in Figure 5. The standard
curveswere linearover a wide range,framabout 1 to 1600

~g/L in serum,exceptfar thecurvesfar metaboliteY and4-
hydroxyta.moxifen.Thesecurvesleveledoff at abaut1000
~g/L becausethe sharp,early-eluting peaksexceededthe
rangeof thefluorescencedetector.

Thedetectianlimit for tamaxifenandN-desmethyltamox-
ifen was0.5—i pg/L af serum.Becauseof the law fluares-
cenceyield of N-desdimethyltamoxifen,its detectianlimit
wassomewhathigher, abaut2 ~g/L (Figure 3). The detec-
tian limit of metaboliteY and4-hydraxytamoxifenwasalso
about2 ~tg/L,awingto thechramatographicinterferenceat
low cancentrationsdescribedabave.

The within-dayprecisian(CV) af the assayof tamoxifen
and its metaboliteswasabaut1% at 800 ,ug/L, 1% at 100
pg/L, and 3% at 10 ~g/L. The carrespondingbetween-day
CVswereabaut4%,3%,and6%,respectively.Natably, the

w c

TraceA

TraceB
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Fig. 4. Identifiastion of tamaxifen and metabolites in serum by LC/MS
A;blank serum. B; serum with added drug and metabalites (400 ~g/L).G: serum
tram same patient as in Elg. 3D. The fime-fable far the selecfian af the manitared
ans <ss described in defail in fext) is shawn belaw tlie time axis, and the
abundance af the separafe jans is platted vs retentian time

precisianwasnot significantly impravedby including the
internal standardand carrectingthe values accardingly.
Details of theprecisianexperimentsare givenin Table2.

Interferencefram various drugs.We testedvariatasdrugs
far interferencewith the tamoxifen assayby analyzing
serumfram patientswhawere taking therapeuticdasesof
the fallowing drugs but not tamaxifen: acetaminaphen,
allapurinal, amitriptyline, chlorpromazine,chlarthalidane,
codeine,dexamethasane,diazepam,difiunisal, daxepin,fu-
rosemide,flurazepam,glibenclamide,hydrochlarothiazide,
ipratropiumbramide, isosarbidedinitrate, megestralace-
tate,methatrexate,morphine,napraxen,nartriptyline,pra-
pranolal, sulfamethaxazole,terbutalinesulfate, theaphyl-
line, trimetlioprim, and warfarin. Nane of thesedrugs
causedinterferencewith the assay.

Serumconeentrationcurves.Figure 6 shawsthe serum
prafiles af tamoxifen and N-desmethyltamaxifenafter a
single30-mgdoseof tamoxifen.Tamoxifenshowedapeak
cancentrationof 70 ~giL in seruni4 h after intake.The
serum cancentratianof N-desmethyltamoxifenincreased
rapidly duringthe first 4 h, thenincreasedmoreslowly.

Figure 7 showsthe accumulatianof tamoxifen and its
metabolitesin serum during long-term treatment with
tamaxifen(30 mg/day).TamaxifenandN-desmethyltamaxi-
fenprogressivelyincreasedfor severalweeks,ta about100
and 200 ~ig/L,respectively.N-Desdimethyltamaxifenand

10

0)
0
0)
0

0)
0

los

I0
0.1 10000

Fig. 5. Standard curves far tamaxifen and faur metabalites
Linear regressian analysis gave the tollawing curve fits: tamaxifen, y = 38102x +
522823, n 12, r = 1.00; 4-hydraxytamaxifen (mefabalite 8), y = 36340x +
502079, n 12; r = 1.00; N.desmethyltamaxiten (metabalite X>, y = 41913x
360545, n = 12, r = 1.00; metabalite Y, y = 32406x + 650485; n = 12, r = 0.99;
N.desdimethyltamaxifen (metabalite Z), y = 26907x i- 280646, n = 11, r = 1.00

metabaliteY alsaaccumulatedin serumwithin this time
period, butat much lowercancentratians(30 and 15 ~g/L,
respectively).The cancentrationof 4-hydraxytamaxifenin
serumleveledoff at abaut3 pg!L within a week.

Discussion

Recentdevelapmentsin liquid-chromatagraphicequip-
ment haveresulted in pumps that can steadily deliver
mabilephaseata flaw rateasslowasafew microlitersper
minute. The small deadvolumesand tubing dimensians
allaw a total changein campositionaf the mobile pliase
within a few hundredmicroliters.Theseinstrumentskeep
extra-columnband-broadeninglow andarecampatiblewith
the analyticalperformanceof small-barecolurnns(16).

Themethodwedescribehere,basedonlaw-dispersianLC,
exploits theseinstrumentalinnovatians.In addition,post-
columnactivatianofthe analytesrequiresthecannectionof
converterto detectorta havezeradeadvolume,to produce
minimal additionalband-broadening.The detailsin Figure
2 emphasizetheprecautionsnecessary.

Our metliad is basedon a simple pracessingaf serum
samples.The one-stepprotein-precipitationprocedurewith
an equalvolumeof acetaaitrileavoidsthe labariousextrac-
tianprocedures,evaporatianoforganicmaterial,andrecan-
stitutionofsamplesaftenincludedin publishedassays(6—9,
11, 18). Simpleandreproduciblesamplepracessingis impar-

~~xffeW1

l.n~MetabahteBI
H-MetabaliteXl
hMetabalrteYl
[~~bo1it~J

MetaboliteY

TraceC

Metabouite x

T,~,ceB

10 100 1000

Serumconeentration(~tg/L)
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Table 2. Preolsion of the Assay for Tamoxifen and Its Metabolites in Seruma

Mean (SD),
~gIL

10.2 (0.2)
111 (1.1)
840 (5.5)

10.6 (0.1)
107 (0.6)
864 (5.6)

Within-day

Without I.S.

Concn,
p9IL

Metabolite Y
10

100
800

4-Hydroxytamoxifen
10

100
800

Tamoxifen
10 10.2 (0.2)

100 103 (0.8)
800 849 (6.4)

N-Desdimethyltamoxifen
10 10.3(0.6)

100 101 (1.4)
800 800 (6.8)

N-Desmethyltamoxifen
10 10.4 (0.2)

100 105 (0.6)
800 864 (9.8)

Between-dav: without 1.5.

cv, %

2.3
1.2
2.1

1.6
1.1
2.3

2.2
1.5
2.0

5.7
1.2
2.0

2.2
1.5
2.3

Mean (SD),
~rig/L cv, %

7.9 (0.6)
94 (4.9)

782 (37)

10.5 (0.6)
104 (2.5)
865 (19)

7.7
5.2
4.8

5.5
2.4
2.1

9.8 (0.5)
100 (2.5)
796 (30)

9.2 (0.6)
97 (2.7)

751 (44)

10.3 (0.8)
102 (3.0)
795 (31)

4.7
3.8
3.8

6.6
2.8
5.9

7.4
2.9
3.9

WitIi I.S.

CV, %

2.0
1.0
0.7

1.2
0.6
0.7

1.8
0.7
0.8

5.6
1.4
0.9

2.0
0.6
1.1

Mean (SD),

12.1 (0.3)
129 (1.5)

1057 (22)

12.6 (0.2)
130 (1.5)

1105 (26)

11.8 (0.3)
123 (1.9)
996 (20)

11.1 (0.6)
117 (1.4)
996 (20)

12.4 (0.3)
125 (1.8)

1001 (23)
~Ditterenfsamples af drug-aupplemented serum were used far determining with~n.dsy-and-between-day-preciaian.
n = 10 each. IS., internal standard.

0)
0)

0
0)

E
0)

Fig. 6. Cancentratian aurves for tamaxifen and N-desmethyltamoxifen
in serum atter a single ingestian at 30 mg af famaxifen

tant for a higli sampleoutput, and this, together with
automaticinjectianof alargesamplevolume, explainsthe
high reproducibility of the method.Notably, the reproduc-
ibility of theassaywasin fact not increasedby includingan
internalstandard(Table2), sawe did notrautinelyuseane.
However, the intemal standardmay becomeuseful if ex-
tractionof seruminto an organicsolventis necessaryfar
whateverreasans.

We injected250 ~L of sampleinto a small precolumn
havinga totalvolumeaf69 4. Tire analytesin thissample
are retninedon the tap of the precolumn,which had been
equllibratedwithanequivolumesolutionofacetonitrileand
water containingacetic acid and diethylamine.This an-
columncancentrationis necessaryto achievethesensitivity
necessaryta detect small amountsof tamoxifen and its
metabolitesin serum, as in single-dosestudies. We cauld

m
0

ca

0)

m
0

Q
E

0 24 48 72 96 120 144
0)Time afterdrugingestion(li)

Fig. 7. Concentration curves far tamaxifen and faur metabalites in
serum during chraflic drug treatment (30 mg of tamaxifen per day)

further decreasethe detection limit by extracting large
serum samplesinta diethyl etlier, ar by increasingthe
injeetion volume, but this wasnot requiredin manitaring
thedrugcancentrationsin serumafter ingestionof thera-
peuticdosesof tamoxifén.

We directedthefiow-throughta wasteandtheanalytesto
theanalyticalcalumn,usinganautomatedcolumn-switch-

20 30 40

Daysof treatment
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ing valve. The column-switchinghasthe following impact
on theperformanceof thepresentmethod:(a) Thereis less
interferenceframfluorescentmaterialelutingin arnearthe
solventfront. (b) Theanalyticalcalumnis by-passedduring
sample clean-up,andis not exposedto salts fram serum.
(theseserumconstituentscausethe chramatographicresa-
lution, which is critically dependenton elutionat low ianic
strength,to deteriorate.(c) Theanalyticalcolumnis protect-
ed fram thematerialpresentin thelarge sampleof crude
serumextractinjectedinto thecolumn, therebyprolonging
columalife.

Theprecolumnandthe analyticalcolumnhavethe same
internal diameter,2.1 mm, which is less than that of
canventional HPLC columns. Thesesmall calumnaare
elutedat a Iow fiow rate, i.e., 0.3 mL/min, in the present
assay,which resultsin low cansumptionof mobile phase.
Becauseelutian of tamoxifen and its metabolitesfram a
reversed-phasecolumnrequiresamabilephasecantaininga
highpercentageaforganicsalvent,thelow fiow ratesignifi-
cantly affectsthe costof the assay.In addition,small-bore
columnsrequireonly low amauntsafpackingmaterial,fara
furthercostreductian.

In additionta simple sampleprocessingandhigh preci-
sian,weobtainedtotal recoveryof tamoxifenandfaur serum
metabolites.In preliminary experimentsabaut75%, 68%,
and 57% of 4-hydraxytamoxifen,tamoxifen, and N-des-
methyltamoxifenwere recoveredatterextractianwith di-
ethyl etlier (datanot shown).Moreover,to aur knowledge,
this is theonly tamoxifenassaythat determinestheparent
drugandfaur metabolitesinhumanserumplusaninternal
standardin a single run. We abtainedthis separationby
elutingthe analyticalcolunm at low ionic strength.

Thepresentassaywasusefulfor studyingthepharmaca-
kineticsof tamaxifenandsamemetabolitesin serumafter
single doses(Figure 6), and during various therapeutic
regimensincludingchronicdosingwith tamoxifen(Figure
7), alonearin combinationwith otlier drugs.We developed
this assayfor serum samples,but haveobservedthat it
warksequallywell with plasma.

Onepersoncanprepareseveralhundredsampleswithin a
few haurs.Becauseof law solvent cansumptionthereis no
needto replenishthemobile phase,andpralongedunattend-
edanalysesare passible.Thus,thenumberafsamplesto be
analyzedby thisprocedureis limited only by thecapacityof
the sampletray.

In conclusion,aurlow-dispersionliquid-chramatographic
asany for tamoxifen and metabolites in serum exploits
recentdevelopmentsin liquid-chromatographichardware.
This assayis characterizedby simple sampleprocessing,
highrecoveryof analytes,low consumptionaf solventand
packingmaterial,high sampleoutput, higli precisian,and
simultaneausquantificationof the parentdrug andfaur
serummetabalites.In addition, the assayis fully automat-
ed.
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