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ABSTRAUJ

Theoccurrenceof tamoxifenmetabolitesin bile wasinvestigatedin a
57-year-oldfemalepatientreceiving chronic treatmentwith tamoxifen.
In bile treatedwith ~-glucuronidase,twomajorpeaksweredetectedusing
a chromatographicsystemdevelopedfor the quantitationof tamoxifen
metabolitesin humanserum.Onesharppeakcoelutedwith 4-hydroxy-
tamoxifenwhereasa secondbroadpeakelutedslightly aheadof tamox-
ifen andwas separatedfrom all major serummetabolites.This latter
peakwasidentifiedasthecis (about30%)andtrans (abont70%)isomers
of 4-hydroxy-N-desmethyltamoxifen.Theidentificationwasbasedon(a)
coelutionwith authenticstandardonreversed-phasechromatographyand
formationof fluorescentmaterialafter photoactivation,(b) amolecular
jon(M + 1)~of 374 mlz asdeterminedwith liquid chromatography-mass
spectrometry,and (c)afragmentogramidenticalto thatof the authentic
standard,asobtainedby gaschromatography-massspectrometry.

TNTRODUU[ION

Tamoxifen [trans-1-(4-~3-dimethylaminoethoxypheny1)-1,2-
diphenylbut-1-ene],is a nonsteroidalantiestrogen,which has
beenwidely used during the last 15 yearsfor the palliative
treatmentof breastcaneer(1).

Metabolismis amajordeterminantof drugaction.Biotrans-
formation may leadto inaetivationand excretion,andsome
metabolitesmayhavepharmacologicaleffects.This is certainly
thecasefor tamoxifen,which may be regardedas a prodrug,
sinceit is convertedinto moreactivemetabolites(2).

Severalmetabolitesof tamoxifen have been identified in
humanplasma.Theseinclude N-desmethyltamoxifen(metab-
olite X), 4-hydroxytnmoxifen(metabolite B), N-desdimethyl-
tamoxifen(metaboliteZ), andtheprimary aleoholnamedme-
tabolite Y3 (3). Among the serummetabolites,4-hydroxyta-
moxifenhasreceivedpartjeularattentionsinceit hasIiigher in
vitro affinity towardstheestrogenreceptorthantheparentdrug
(4). The effect in vivo after peroraladministrationis probably
limited by high metaboliteclearanceresulting in low serum
concentration(2). Llowever, 4-hydroxytamoxifenremalils un-
metabolizedin situ in humanbreastfor severatdaysafterloca~
percutaneousadministrationto humanbreast(5).

Theroutesof excretionof [‘4C]tamoxifen havebeeninvesti-
gated in the femalerat, mouse,monkey, and dog after i.p.
injection or oral administration (6). In all speciesthe major
route of excretionwasviathe faeces.in ratsanddogs,amajor
fraction(22—53%)of radioactivity derivedfrom tamoxifenwas
excretedinto thebite, and a significantamount (16—69%) of
biliary radioactivity wasreabsorbedaud underwententerohe-
patic circulation, until it was eliminated into the faeces(6).
Investigationof thedistributionof [‘4C]tamoxifen in thefemale
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mouse showedthat the radioactivity was concentratedand
retainedin bite andto alesserdegreein hveraudpanereas(7).

Theexcretiouof radioactivity followiug asiugleoraldoseof
[‘4C]tamoxifen hasbeenevaluatedby Fromson et al. in two
femalepatients.Excretionof metabolitesinto faecesseemsto
be amajorroute of eliminationalso in humans(8).

Most metabohitesisolatedfrom faecal extractsof rat and
mouseandbile from rat auddogwerepresentas glucuronides
audotherconjugates.Threemetabolites(metaboliteA, B, and
C) were identified by comparisonwith authenticstandards,
whereasthestructuralassigumentof threemetabolites(named
C, 0, audF) wastentative(6). Fromsonet al. (8) iso~atedtwo
metabolites(B audF) from /3-glucurouidasetreatedextractof
humanfaeces.Recently,metaboliteF hasbeenidentifiedasthe
pheuolicprimary alcohol(9).

Thedatacitedabovesuggestthat themajorroute of tamox-
ifen metaboliteclearauceoccursvia biliary excretion.Evalua-
tion of this route of ehimination in humansby investigatiug
metabolitesin faecesmaybe obscuredby intestinalmetabolism
audreabsorptionof metabohites.However, bite drainageof a
patient receiviug chronic treatmentwith tamoxifeu offers a
clinical condition wherebiliary excretion of sometamoxifeu
metabolitescould be direetly assessed.We obtaiuedsuch bite
audaualyzedit with aliquid chromatographicsystemwhichwe
haverecentlydevelopedfor measuremeutof tamoxifenaudits
metabolitesin humanserum(10). This methodhastheadvan-
tageof total analytical recovery of both demethylatedand
hydroxylatedmetabolitesaudtheparentcompound,audana-
lyzes aud quautitatesthese diverse compouudsin a single
system.We identifiedamajorpeakin humanbiteas4-hydroxy-
N-desmethyltamoxifen.

MATERIALS AND METHODS

Chemicals.Tamoxifen,4-hydroxytamoxifeuandN-desmethyltamox-
ifen, were obtainedfrom PhnrmachemieB. V., Haarlem, Holland.
MetabeliteY, N-desdimethyltamoxifenaud4-hydroxy-N-desmethylta-
moxifenwere gifts from ~mperial Chemicat~industriesPLC,Pharma-
ceuticalsDivisien, Mncclesfield,Cheshire,UK. The latter reference
compoundwasobtainedasa mixtureofabout85%cis isomerand15%
trans isomer.Attemptsto eurichthetrans isomerby boiling in etbanel,
were not successful.Glusulase(n preparafionetihe intestinaljuice of
thesnail,Helix Pomatja,ceutnining~9-glucuronidaseaudsulfatase)was
frem E. I. DuPontdeNemeurs& Co. tnc.,Wilmington, DE. Normo-
lest, testing for bloedciotting factorsII, VII, and X, is a productof
Nycomed AS, Oslo, Norway. Other reageutswere purchasedfrom
commercialsourcesgivenprevieusly(10).

Patient.The patientwasa 57-year-oldfemalewho hadbreastcaneer
with pleural effusion and nxillary audhver metastases.She received
chronic treatmentwith tamoxifen (30 mg daily) since12/18/86.Due
to total occlusion of the commonbile ductwith a serumbilirubin et
303 MM (normal< 18 pM) aT tubebihiary drajuagewasestablisliedon
2/6/87.Fremihis date,her hverfunctionparametersimproved(Table
1).

On 3/3/87 shereeeived 10 mg Adriamycin, aud on 3/5/87 the
endoerinetreatmentwas changedfrem tamoxifento megestrolaente,
160 mg daily. Shewastrausferredto a local hospitalon 3/12/87,aud
expiredon 3/26/87.
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Tablei Patientdata

Date

Serumparameters

Bilirubin
(CM) AP” (IU/liter) ASATb (IU/liter) ALAT~ (tU/liter) .y~GTd(IU/liter) Albumin (g/liter) NT(%)’

2/2/87
2/27/87
3/9/87

303
75
43

999
287
184

117

51

193
103
104

469
186
121

23
32
29

0.77
0.65
0.65

“Alcaline phosphatase.
Aspartateaminotransferase.

“Alanine aminotranaferaae.
d y-Glutamyl tranapeptidase.

Normotest(norn”’i ‘75—125).

Bile wascolleetedfor 5 days (3/1/87—3/5/87)while she received
chronictreatmentwith tamexifen,and for 20 days(3/5/87—3/25/87)
duringdrug washout.The laberateryfindings during this period are
summarizedin Table 1.

SampleCollectionandProcessing.Thebile was celleetedin polyeth-
ylene bags which were replaced twiee daily. The colleetedbile was
steredin glass bottiesat —20~C.

The bile was thawed,and treatedwith glusulase,as describedby
BakkeetaL (11). ThepH wasthen adjustedto 7by addingi M NaOH.
Theneutralizedsamplesweremixed with equalvelumeofacetonitrile,
and the precipitateremovedby centrifugation.The supernateswere
transferredto samplevials,capped,andanalyzed.

High-PerformanceLiquid Chromatography.We usedaliquid chro-
matographysystem which was developedfor the determinationof
tamoxifenand metabolitesin serum(10). The assaywas modifiedto
impreve the separationand isolatien of the earlyeluting, hydrephilic
metabolites.The methodand the modificationare briefly described
below.

Largesamplesof 250~‘ wereinjeetedinte a small precelumnwith
an internal diameterof 0.21 cm, packedwith 5 gm octadecylsilane
material.Thelengthof this columnwasinereasedfrem 2 cm, asin the
original method (10), to 3 cm.The sampleswere on-celumnconeen-
trated by equilibratingthe precolumnwith 50% acetonitrilein water,
containing3 ma’i aceticacid and2 mrvx diethylamine.Theanalyteswere
thendireetedinte ananalyticaloctadecylsilane-Hypersilcolumn(0.21
x 10 cm) by changingthemobile phasefollowedby column switching.
Thecompositionof the mebile phasewas91% acetonitrilecontaining
i mM aceticacidand 0.67 mrvi diethylamine,andthe flow ratewas0.3
ml/min. Tamoxifen and its metabeliteswere eluted in the fellewing
order:metaboliteY, metaboliteB, tamoxifen,metaboliteZ, andmetab-
olite X. Thesecempeundswerepestcolumnconvertedto fluorophors
by UV illumination while passingthrough a quartz tube, and then
monitoredby a fluorescencedetector.

The instrumentsand the construetionof thepestcolumnconverter
havebeendeseribed(10).

Liquid Chromatography/MassSpeetrometry.The analytical column
wasconnectedto aLC/MS, thermospraysystem(medel201; Vestec,
Heuston,IX). Beforeenteringthe thermospray,theeffluent frem the
columawasmixed with 0.1 M ammeniumacetatereagent,deliveredat
arateof 0.7 mi/min via azerodeadvelumeT conneetor.

GasChromatography/MassSpectrometry.Samplesofbile werechre-
matographedon the Liquid chromategraphicsystemdeseribedabeve,
andthematerialto beidentifiedwasisolatedby celleetingeffluentfrem
the column, using the programmablefraetien colleetormodel, Foxy,
frem ISCO. The desiredfraetion frem 30 sampleswere peoled,and
lyophilized. The lyophilized sample was silylated with N10-
bis(trimethylsilyl) acetamid(1 ml), priorto GC/MS analysis.

Samplesof 5 gl of the material in ethyl acetatewere subjectedto
GC/MS, using a Hewlett-Packard5970 MSD (GC/MS) massspec-
trometrysystem.ThecolumnwasanSP-255wall-coated,open-tubular
glasscapillarycelumn(0.30mm i.d. x 6 m) and the temperaturewas
programmedfrem 150 to 280’C at l0’C/min. On column injectien
techniquewasused,andhelium (2 ml/min) wasusedasa carriergas.

RESULTS

Tamoxifenand its Metabolitesin Serum.Table2 showsthe
amountof tamoxifenand its major metabolitesin serumat

different time points during the investigation.The concentra-
tions of tamoxifen,metaboliteV, N-desmethyltamoxifen,and
N-didesmethyltamoxifen(Table 2) arein therangereportedfor
patientsreceiving chronic tamoxifen treatment(3, 12). The
concentratiensef drug and thesemetabolitesin serumare
progressivelydeereasedfollowing tamoxifenwithdrawal.

Liquid ChromatographicAnalysis of Bile. Fig. i showsfluo-
rescencetracesof UV illuminated effluent from thereversed-
phasecolumn.

Chromatogramof bile frem a patient not treatedwith ta-
moxifen is shown in trace A. No peakscochromategraphed
with standards(tracesB andC).

Analysis of bile frem a patientreceivingchronic treatment
with tamoxifenis shewnin tracesD andE. Only traceameunts
of fluorescentmaterial,tentativelyidentified as tamoxifen,N-
desdimethyltamoxifen,audN-desmethyltamoxifen,wasfound
in bile not treatedwith glusulase(traceD). Two major peaks
appeared following glusulase treatment. One cochromato-
graphedwith 4-hydroxytamoxifenandanother(retentiontime
of 9 min) elutedslightly aheadeftamoxifenandwasseparated
frem all major serum metabolites(shadedarea, tracesE aud
F). Ihe latter peakwas broad and skewed,suggestinginho-
megeneity.Our furtherefforts weredirectedtowardstheiden-
tification efthis peak.

Trace C showsa cbromatogramfrom bile spiked with 4-
hydroxy-N-desmethyltamoxifen.Thestandardcontainedamix-
ture of trans (15%) andcis isomer(85%), which showedreten-
tion timesof 8.95and9.42min, respectively.Theminorportion
(transisomer)coelutedwith themainpartof theunknownpeak
(traceE),whereasthecis isomerelutedin thedown-sloperegien
of the unknownpeak. Thesefludings are consistentwith the
possibility that the unknownmaterial containsa mixture of
trans- aud cis-4-hydroxy-N-desmethyltamoxifen,and the for-
mer isomeris prevailing.

Chromatogramof bile 18 daysafterthe last tamoxifendese
is shownin traceF. The material in bile, tentativelyidentified
as4-hydroxytamoxifenand4-hydroxy-N-desmethyltamexifen,
is markedlydecreasedduringdrug washout(Fig. 1, trace F).

Identificationof TamoxifenMetabolitein Bile by MassSpec-
trometry. Extractedbile and referencecompoundswerechre-
matographedon the reversed-phasesystem describedabove,
andtheeffluent directedinte themass spectrometrythermo-
spray system.

Thespectrumof authentic4-hydroxy-N-desmethyltamoxifen
showedonly enemajorpeakcorrespondingto the (M+ i )~ ion
of 374 m/z(datanot shown).

Fig. 2 shows a single ien monitoring trace ef bile frem
nontreatedpatiefits (traceA), bite spiked with 4-hydroxy-N-
desmethyltamoxifen(traceB) and glusulasetreatedbile from
patient receivingchronic treatmentwith tamoxifen (trace C).
The instrumentwas set to monitor 374 m/z (4-hydroxy-N-

desmethyltamoxifen).Material containingthe same(M+1)~
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Table 2 Concentrationsoftamoxzfenandmetaholitesin serum

Last tamoxifentabletgiven in the morningof 3/5/87.Thepatientexpiredon 3/26/87.

Date Tam” (ng/mI) Met Yb (ng/mI) 4-OH-T’ (ug/mi) Desdim~Td(ng/mI) Desm-T~(ng/ml)

Beforetamoxifenwithdrawal
2/27/87
3/4/87

128.3
153.8

12.7
15.2

3.6
4.9

34.4
32.6

189.6
t86.6

After tamoxifenwithdrawal
3/9/87
3/12/87
3/23/87

90.1
61.9
28.0

t4.7
10.t
4.0

4.7
3.3
1.8

33.3
30.5
17.9

169.2
130.5

67.3

“Tamoxifen.
MetaboliteY.

‘4-Hydroxytamoxifen.
N-Desdimethyltamoxifen.

N-Desmethyltamoxifen.

A

D ‘fl

B

E

Å

Fig. 1. Analysisof bile by reversed-phaseliquid chromatograpbypostcolumn
photoactivationandfluorescencedeteetion.A, controlbile frempatientnottaking
tamoxifen;B, blankbile spikedwith metaboliteV (3.87min),4-hydroxytamoxifen
(6.89min), tamoxifen(10.02 min),N-desdimethyltamoxifen(11.93 min),andN-
desmethyltamoxifen(15.45 min); C, blank bile spiked witb 4-hydroxy-N-des-
methyltamoxifen(tlsestandardcontained85%cisform and 15% transform); D,
bile frem tbepatientwitb biliarydrainage,receivingchronictamoxifentreatment;
E, the samesampleef bile ssshown in trace D, but after deconjugationwith
glusulase;F, glusulasetreatedbile frem patient 18 daysafter tbe last tamoxifen
dose.Shadedareas,peakstentativelyidentifiedas4-hydroxy-N-desmethyltamox-
ifen.

ion andeluting at the sameretentiontimesas this reference
compeund,was presentin bite of patientreceivingtamoxifen.
The standardis composedof 85% cis isomerand 15% trans
isomer (trace B) whereasin bile frem patient the compeund
coelutingwith thetrans isomeris theprevailing species(trace
C). Whenthebile shownin traceCwasspikedwith standard,
therewasarelative inereasein thecis isomer(traceD).

5)
tI

-n

3
fl
ci:

A

6 8 1~ 12 14 16
Time (min.)

Fig. 2. Single-ionmoniteringtraceofbile obtainedby LC/MS. A, controlbile
frem patient not taking tamexifen;B, blank bile spiked with 4-hydroxy-N-
desmethyltamoxifen(thestandardceotsined85%cisform and 15% transform);
C, glusulasetreatedbile frem patient receivingchronictamoxifentreatment;D,
the samebile ssshown in trace C, supplementedwith authentic4-hydroxy-N-
desmethyltamoxifen(85% cisform and 15% teansform). Theinstrumentwasset
to monitor at 374 m/z,which correspondsto the (M+1)” ion of 4-hydroxy-N-
desmethyltamoxifen.

Effluent from the peakeluting aheadof the tamoxifenpeak
(Fig. 1, shadedarea, trace E) wascolleeted,andanalyzedby
GC/MS asdescribedin “Materials andMetbods.”The mass
fragmentogramof this material(retentiontime, 11.92min) was
nearly identical to that of the authentic4-hydroxy-N-desme-
thyltamoxifen standard(retentiontime, 11.94 min) (Fig. 3).

D

G

F

G

B
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DISCUSSION

We analyzedbile from apatientreceivingchronic tamoxifen
treatmentusing a chromatographicsystem which measures
both hydroxylatedand desmetbylatedtamoxifen metabolites
(10). Notably, the sampleprocessing,which involved mixing
with anequalvolumeof acetonitrile,gavetotal recoveryof such
chemicallydiversecompeunds(10). Thus, this analyticalpro-
cedureincludesboth hydrophilic andhydrophobicmetabolites
of tamoxifen.

In additionto 4-hydroxytamoxifen,anothermajorpeakwas
demonstratedin bile. This material was absentin bile from
patientsnot exposedto tamoxifen(Fig. 1, trace A) and de-
creasedfollowing drug withdrawal(Fig. 1, skadedarea, traces
EandF) suggestingthatthematerialis derivedfromtamoxifen.
It wasidentifiedas4-hydroxy-N-desmethyltamoxifen.Thisme-
tabolite appearsto existasa mixtureof cis andtransisomerin
bite.The identificationwasbasedon(a) coelutionwith authen-
tic standardon reversed-phasechromatographyand formatien
of fluorescentmaterial after photoactivation(Fig. 1), (b) a
molecularion (M + l)~ of 374 m/zasdeterminedwith LC/MS
(Fig. 2), (c) afragmentogramidenticalto that of theauthentic
standard,asobtainedby GC/MS (Fig. 3).

In bile 4-hydroxy-N-desmethyltamoxifenappearsas a mix-
tureof transandcis isomer,with the formercempeundas the
prevailingspecies(Fig. 2). If 4-hydroxy-N-desmethyltamoxifen
is excretedas thetrans isomer,onemustpostulateanisomeri-
zation of this metaboliteduring colleetioner storageof bile.
Othershavereportedon temperature-dependentisomerization
of phenolicnonsteroidalestrogensand antiestregensboth in
stocksolution andin biological samples(13). We observedno

2’~ -
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Fig. 3. Identilleationofthe unknownmetabolitewith GC/MS. Theeffluent
frem the reversed-phasecolumn,correspondingto the markedpeak in trace E,
Fig. 1, and authentic4-hydroxy-N-desmetlsyltamoxifenwere subjectedto GC/
MS ssdescribedin the text. Both compeundssboweda retensiontime of 11.9
minupongaschromatography.Top,massfragmentogramofunknownmetabolite;
bottom,autbentie4-bydroxy-N-desmethyltamoxifen.
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4-Hydroxy-N-Detmethyttamoxifen

Fig. 4. Possiblepathwaysfor the formationof 4-hydroxy-N-desmethyltamox-
ifen.

time-dependentconversionto theds isomerupon storageof
biie. Thus, it is conceivabletliat 4-hydroxy-N-desmetbyitamox-
ifen maybe excretedas amixture of both isomers.

Sinceboththecis and trans formof 4-hydroxy-N-desmethyl-
tamoxifen may exist in vivo (5), stereoseleetivemetabolism
shouldbeconsideredto takeplaceduring biotransformationof
tamoxifen.Furthermore,isomerizationof active metabolites
may havepharmacodynamicimplications. It hasbeenestab-
lished that antiestrogensmay changetheir inhibitory profile
after isomerization.The trans isomerof tamoxifen is ageneral

445 estrogenantagonistandthecis isomermay act as an agonist
(14, 15).

The chromatographicpeakscorrespondingto 4-hydroxyta-
moxifenaudthetwo isomersof 4-hydroxy-N-desmethyltamox-
ifenappearedafterglusulasetreatmentof bite, andwerenearly
absentin nontreatedbile (Fig. 1). This finding showsthat these
hydroxylatedmetabolitesof tamoxifenareexcretedandexist
asconjugatesin bite,probablyasglucuronides.

Excretionof conjugated4-hydroxy-N-desmethyltamoxifen
andotherhydroxylatedtamoxifenmetabolitesintobite delivers

98 thesecomponudsto the intestine,wherethey areexposedto
the intestinalmicroorganisms.Theconjugatedmetabelitescan
be degradedby ~-glucuronidases or sulfatasesderived from
bacteriain the gut, and may becomereabsorbedand thereby
undergoenterohepaticcirculation (16). Enterohepaticcircula-

~ tion hasbeendemonstratedfor tamoxifen(6) andshould be
consideredfor the biliary metabolite,4-hydroxy-N-desmethyl-
tamoxifen.

Theexistenceof 4-hydroxy-N-desmethyltamoxifenin human
bile points to the possibilitythat this metaboliteis presentin
tissuesaswell. ThetamoxifenmetabolitetermedM2by Borgna
audRochefort,which was found to be a major metabolitein
rat uterus(17) may be identical to 4-hydroxy-N-desmethylta-
moxifen, andsignificant ameuntof conjugated4-hydroxy-N-
desmethyltamoxifenis formedfrom tamoxifenby rat hepato-
cytesin suspension(9). After localpercutaneousadministration
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of 4-hydroxytamoxifento patients,4-hydroxy-N-desmethylta-
moxifenis demonstratedin breasttissueandplasma(5).

Thereare indications that hydroxylated metabolitesof ta-
moxifen, including 4-hydroxy-N-desmethyltamoxifen,play an
importantrole in the mechanismof actionof tamoxifen(4).
trans-4-Hydroxytamoxifenhas more than 100 times bigher
affinity to the estrogenreceptorthan trans-tamoxifen,and a
similar in vitro affrnity hasbeenreported for 4-hydroxy-N-
desmethyltamoxifen(4).

Pessibleroutesof formation of 4-hydroxy-N-desmethylta-
moxifenin humansaredepictedin Fig. 4. It is conceivabletbat
this metaboliteis formedby hydroxylation in tbe4-positionof
N-desmethyltamoxifenand/or by N-demethylationof 4-hy-
drexytamoxifen.Both Ihesepossible intermediateshavebeen
identified in humanmaterial (3).

4-Hydroxy-N-desmethyltamoxifenhasbeendemonstratedin
breasttissuefollowing local administrationof the radioactive
precursor4-hydroxytamoxifen.Preliminarydatasuggestthat
theconcentratienof a tamoxifenderivative,tentativelyidenti-
fied as4-hydroxy-N-desmethyltamoxifen,is higherthanthatof
4-hydroxytamoxifen in serum of several patients receiving
chronicp.o.tamoxifentreatment.4The unequivocalidentifica-
tion of this serumcomponentby massspectrometrybasbeen
difflcult becauseonly smallamountsarepresentin serum.Our
presentefTorts are directedtowards improving the detection
limit of our LC/MS system se tbat the distribution of 4-
hydroxy-N-desmethyltamoxifenin human biological material
othertbanbije canbe investigated.
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