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ABSTRACT

Severalmetabolitesof tamoxifen,including 4-hydroxy-N-desmethyl-
tamoxifen(metaboliteBX), 4-hydroxytamoxifen(metaboliteB), N-des-
methyltamoxifen(metaboliteX), theprimary alcohol(metaboliteY), and
N-desdimethyltamoxifen(metaboliteZ) wereidentifiedandtheirconcen-
trations determinedin fluids andfeces from patientsreceiving chronic
tamoxifen treatment.Ihe biological samplesinvestigatedwereserum,
pleural, pericardialandperitonealeffusions,cerebrospinalfluid, saliva,
bik, feces,andurine.

In serum,tamoxifen itseif, andthe metabolitesX and i were the
prevailing species,but significantamountsof themetabolitesY, B, and
BX werealsodeteeted.About3 h afterdrugintaketamoxifenasweII as
Y, B, BX, X, andZ showeda peakin serum.Ihis maybeexplainedby
efficientmetabolismof themetaboliteprecursorbeforebeingdistributed
to peripheral compartments.Upon drug withdrawal all metabolites
showedfirst-ordereliminationcurveswhichparalleledthatof tamoxifen
suggestingthat their rateof eliminationexceededthatof tamoxifen and
that theserumlevelsareproductionratelimited. The proteinbindingof
tamoxifenandits majorserummetabolites(V, X, Z) wasdeterminedand
foundto be higherthan98%.Albumin was the predominantcarrierfor
tamoxifenin humanplasma.

Theconeentrationsof tamoxifen andits metabolitesin pleural, pen-
cardial,and penitonealeffusionsequalledthosedetectedin serum,cor-
respondingto aneffusion/serumratjo berween0.2 andI. Only trace
amountsof tamoxifen andmetaboliteX weredetectedin cerebrospinal
fluid (CSFlserumratio<0.02). In saliva,concentrationsof tamoxifenand
X exceededtheamountsoffreedrug in serum,suggestingactivetransport
or trappingof thesecompoundsin Ihesalivarygland.Bite andurinewere
rich in thehydroxylated,conjugatedmetabolites(Y, B, andBX), whereas
in fecesunconjugatedmetaboliteB andtamoxifenwerethepredominating
species.

INTRODUCTION

The nonsteroid antiestrogen tamoxifen [trans-i -(4-i3-di-
methylaminoethoxyphenyl)-1,2-diphenylbut-1-ene] has since
1973 beenwideLy used for the palliative treatmentof breast
cancer(1). Tamoxifenhasalso beenevaluatedin the manage-
mentof severalotherconditions,includingpancreatic(2),ovar-
jan and endometrialcaneer,anovulatoryinfertility (3), cyclic
mastalgia(4), andtrialson prophylacticinterventionin women
at highrisk of developingbreastcancerareplanned(5, 6).

Tamoxifenseemsto be extensivelymetabolizedandknowl-
edgeof its biotransformationis importantsincethis is a major
determinantof eliminationandsomemetabolitesmaybeactive

Most information on the distribution of tamoxifenand its
metabolitesarebasedon animalstudies.BorgnaandRochefort
found polar metabolitesof tamoxifenin plasma,uterus,hver,
andoviductof immaturefemaleratsandchickensinjeetedwith
[3H]tamoxifen. 4-Hydroxytamoxifenandanotherhydroxylated
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metabolite,“M2,” werethe major tritiated metabolitesin the
cytosolandKCl-extractednuelearfraction from rat uterus(7).
This metabolitemaybe 4-hydroxy-N-desmethyltamoxifen,the
formation of which has beendemonstratedafter ineubation
with rathver mierosomes(8) andin isolatedrat hepatocytesin
suspension(9). In thefemalerat, mouse,monkey,anddog most
[‘4C]tamoxifen wasexcretedvia bile into thefeces,but a signif-
icant fraction of the bihiary radioactivitywas reabsorbedand
underwententerohepaticcireulation (10). In the rat most ta-
moxifen metabohitesin bile andfeceswere presentasglucuro-
nidesandotherconjugates(10).

Despitethewide useof tamoxifenas a drug,knowledgeon
its fate in humansis sparse.Severalmetabolitesof tamoxifen
havebeenidentified in humanplasma,i.e., theprimaryaleohol
(metabohiteY3), metaboliteB, metaboliteX, metabohiteZ (3).
Fromsongavea single doseof [‘4C]tamoxifento four patients
and found that the peakplasmaconeentrationoccurredafter
4—7 h and the terminal half-hife was Longer than 7 days(11).
Otherpharmacokineticstudiesconfirmedthesefindings (12).
Also in humans,mosttamoxifenis excretedas metabohitesinto
feces.Lessthan 20% areehiminatedin theurine (11).

Among theserummetabolitesthehydroxyLatedmetaboliteB
has receivedparticular attention since it hashigher in vitro
affinity for theestrogenreceptorthan theparent drug(8, 13,
14).Anotherhydroxylatedmetabohite,4-hydroxy-N-desmethyl-
tamoxifen(metaboliteBX), hassiniilar properties(8).

We recentlydemonstratedhigh coneentrationsof metabolite
RX in bilefrom apatientreceivingchronictamoxifentreatment
(15). We here report on the investigation of thepresence~of
metabohiteBX and other tamoxifen metabohitesin various
biological samplesfrom patientstreatedwith tamoxifen.These
samplesinclude serum,pleural, pericardialand peritonealef-
fusions, cerebrospinalfluid, sahiva, urine, and bile, and an
extractfrom feces.

MATERIALS AND MEIHODS

Chemicals.Tamoxifen,metaboliteB, andmetabohiteX wereobtained
fromPharmachemieB.V., Haarlem,Hohland.MetaboliteV, metabolite
i, and metaboliteBX were gifts from Imperial ChemicalIndustnies
PLC, PharmaceuticalsDiv., Macclesfield,Cheshire,UK. The latter
referencecompoundwasobtainedasamixtureofabout85%cis isomer
and15% trans isomer.Attempts to enrichthe trans isomerby boihing
in ethanol,werenot successful.[N-methyl-3H]tamoxifen(specificactiv-
ity, 84 Ci/mmol) and [14C]tamoxifen citrateS.A. 25 mCi/mmol were
obtainedfrom AmershamInternational,UK. Purity was checkedby
thin-layer chromatographyon sihica gel in ethyl ether:triethylamine
(99:1).N-Methyl-tritiated tamoxifen was highly unstableand was not
usedin quantitativeanalysis.

3-Glucuronidasewas obtainedfrom SigmaChemicalCompany,St.
Louis, MO. This ~1-g1ucuronidase,which is a preparationof the intes-
tinal juice of the snaji,Helixpomnija,alsocontainssulfataseactivity

Tbeabbreviationsusedare:metaboliteY, trans-1(4-f~-hydroxyesboxyphenyl)-
1,2-diphenylbut-1-ene;metabolite fl, 4-hydroxytamoxifen;metabolite BX, 4-
bydroxy-N-desmethyltamoxifen;metaboliteX, N-desmethyltamoxifen;metabo-
lite Z, N-desdimethyltamoxifen;ODS, octadecylsilane;AcN, acetonitrile; LC/
MS, liquid chromatography/massspectrometry;MPA, medroxyprogesseroneace-
tate;SIM, selected-ionmonitoring;CSF,cerebrospinalfluid.
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(f3-glucuronidase126,000units/mI, sulfatase4000 units/mi).
Monospeciticantiserumusedfor albumin determinations(16) was

purchasedfromDakopatts,Copenhagen,Denmark.
Patients.36 patients,who receivedtamoxifenas a palliative treat-

ment of breastcancer,wereincluded,and they all gavetheir informed
consentto participatein the study. Their age, duration of treatment,
dosing,andbiological samplesobtained,are listed in Table 1.

SampleCollection. Pericardial,pleuralandperitonealeffusion,and
cerebrospinalfluid were obtainedduring diagnosticor therapeutic
procedures,cohlected,and storedin glasstubesuntil analysis.Blood
sampleswere drawnon the same occasions.Bite was collectedinto
polyethylenebagsfrom a biliary T-drainfrom PatientE. B. with breast
caneerandtotal bile ductocclusiondueto metastases.

Blood samplesweredrawnfromthreepatjeats(A. B., E. M. C., and
G. T.) after tamoxifenwasdiscontinuedto obtain thedecaycurvesfor
tamoxifenandits metabolites.Blood sampleswerecolleetedatintervals
of 4 to 14 daysfor 35 to 41 daysafter drugwithdrawal.Feceswere
collectedfrom threepatients(A. H., K. R., and A. L. H.) for 3 days
and urine from 13 patientsfor 24 h. Urine was collectedinto plastic
cans.Salivawasobtainedfrom 11 patientswhile chewingwaxedsheet
(Parafilm)to stimulatesalivaryflow.

Bloodsampleswereobtainedin thesepatientsat thetime of colleet-
ing feces,urine,or saliva.

All sampleswerestoredin darknessat—20~Cuntil analysis.
SampleProcessing.Thebile andurinewerethawed,andtreatedwith

Table 1 Patienicharacteristics

Treatment

Duration
Patient Age (days) Dose Biological sample~

UA

AB
EB
Sfl
EMC
MC

DE
lE

SE
AF
EF
AH
ALH
RH

ITH
EJ
DK
BL

OL
BO
JGO
EN
SP
AR
ALR
KR

NS
OS
SBS
RS
AT

GT
ST
KZ
LMø
MØ

71

65
57
70
61
70

64
76

73
67
65
62
58
73

58
51
51
50

83
70
64
67
72
42
68
59

68
79
62
79
76

74
72
81
41
44

77 30 mg daily
203 30 mg daily
56 30 mg daily
71 30 mg daily

184 30 mg daily
118 30 mg daily
23 30 mg daily

112 30 mg daily
720 30 mgdaily

73 30 mg daily
134 30 mg daily
161 30 mg daily
20 30 mg daily
21 30 mg daily
57 30 mg daily
13 30 mg daily
11 30 mg daily
66 30 mg daily
93 30 mg daily

178 30 mg daily
175 30 mg daily
14 30 mg daily
22 30 mg daily

835 30 mg daily
78~ 40 mg b.i.d.

716~ 40 mgb.i.d.
120 30 mgdaily
172 30 mgdaily
28 30 mgdaily

651 30 mgdaily
10 30 mg daily

135 30 mg daily
47 30 mg daily
54 30 mg daily
62~ 40 mgb.i.d.

296 30 mg daily
296 30 mg daily
132 30 mg daily
68 30 mg daily

129 30 mg daily
990 30 mgdaily

54 30 mgdaily
133 30 mg daily
480 30 mg daily

48 30 mg daily

Pleuraleffusion
Saliva
Multiple serumsamplesb
Bilé
Saliva
Multiple serumsamples”
Pericardialeffusion
Pericardialeffusion
Urine
Multiple serumsamples,durinedMultiple serumsamples, urine
Saliva
Pleuraleffusion
Peritonealeffusion
Feces
Feces
Pleuraleffusion
Pleuraleffusion
Pleuraleffusion
Saliva
Urine
Pleuraleffusion
Pleura
Cerebrospinalfluid

Urine
Urine
Saliva
Saliva
Saliva
Pleuraleffusion
Urine
Feces,Urine
Urine
Pleuraleffusion
Urine
Urine
Saliva
Urine
Multiple serumsamplesd urine
Multiple serumsamples

1
Saliva
Saliva
Saliva
Urine

a single serumsample,which wasRefersto biologleal sampleolher Ihan
obtainedfrom all patients.

“After drugwithdrawal.
Externalbiliary catbeter.

~ Duringonedosinginterval.
Daysafterdoseescalationfrom steadyatateon 30 mgdaily.

~3-glucuronidasefrom Helixpomatja,essentiallyasdeseribedby Bakke
andScheline(17). ToincreaseIhe yjeld of unconjugatedtamoxifenand
metabolitesfrom urine, the treatmentwith /3-glucuronidasewas ex-
tendedto 24 h, andtheamountof fl-glucuronidaseusedwasincreased
from 2520 to 5040units/mI urine. The yield was also increasedby
resuspendingthe urine precipitateby vigorous shakingbefore the ~3-
glucuronidase-treatment.After incubation with Ihe enzyme, the pH
wasadjustedto 7 by adding I N NaOH. The neutralizedsampleswere
mixed with an equal volume of AcN, and after centrifugationthe
supernatantsweretransferredto samplevials, capped,andanalyzed.

In apreliminarystudyaliquotsof urine (5 ml) wererefluxedfor 2.5
h with water (5 ml) andtitrated to pH 1 with 18 N sulfuric acid. The
sampleswerethenneutralizedandhandledasdescribedabove.

Fecesweremechanicallyhomogenized,and about3 g of feceswere
thenmixed with 20 ml of water or 50% AcN, vigorously shakenand
treatedwith ultrasoundfor 5 min. Theextractwasthencentrifugedfor
15 min at 420 >< g~. Ihe supernatantobtainedfrom extractionwith
water was treatedwith fl-glucuronidaseas deseribedin Ihe previous
paragraphfor urine.The solution obtainedby direet AcN extraction
was properly diluted with mobile phase,transferredto samplevials,
capped,andanalyzed.

Thesamplesofpleural,pericardialandperitonealeffusions,cerebro-
spinal liquor, andsalivaweretreatedwith AcN, aspreviouslydescribed
for serum(18).

Determinationof ProteinBinding. Proteinbinding of tamoxifen was
determinedboth for drugsin patientserumby ultracentrifugationand
for radiolabeleddrugaddedto drug free serumby columnchromatog-
raphyandequilibriumdialysis.

Serum(5 ml) from Patient B. L. who had been treatedwith 40 mg
tamoxifenb.i.d. for 78 days,wastransferredto Ultra-Cleartubesfrom
Beckmanandcentrifugedat215,000x g~ for 24 h in anultracentrifuge
model Beckman L8-60M. The temperaturewas kept at 4’C. The
centrifugationtubeswereharvestedby carefulaspirationof fractionsof
400 M1 from the top of the generatedgradient.The coneentrationsof
tamoxifen and its metabolitesand albumin were determinedin tbe
separatefraetionsand in the sameserumsamplebeforecentrifugation.

~3H~Tasnoxifen(3 MCi) v~asadtiedto serumtjiluled 1:1 with isotonic
phosphatebuffer(pH 7.4), andincubatedfor 24 h at 4’C. A sampleof
1 ml was subjectedto affinity chromatographyon concanavalinA-
Sepharose4B from Pbarmacia,as deseribedpreviously(19). Another
samplewasanalyzedby gel hiltration on SephadexG-100column(2.5
x 70 cm). Radioactivity was determinedin 0.5-ml aliquots of eluent
fraetions.Absorbancewas determinedat280 nm.

Equilibrium saturationanalysiswas performedby dialysis of live
different concentrationsof [“’C]tamoxifen citrateagainsta 60-~~M so-
lution of humanserumalbumin(Koch-Light Chemicals,UK) in isoto-
nic phosphatebuffer, pH 7.4 (20).

High-PerformanceLiquid Chromatography.We used a liquid ebro-
matographysystem which was developedfor the determinationof
tamoxifenand metabolitesin serum(18). The assaywas modified to
improve Ihe separationand isolationof the earlyeluting, hydrophilic
metabolites.The method and the modification are briefly deseribed
below.

Large samplesof 250 jil were injectedinto a small precolumnwith
an internaldiameterof 0.21 cm,packedwith 5 Mm ODS material.The
length of this columnwas increasedfrom 2 to 3 cm (15). Thesamples
wereon-columaconcentratedby equilibratingtheprecolumnwith 50%
AcN in water,containing3 mM aceticacid and2 mM diethylamine.
Ihe analyteswerethen directedinto an analytical ODS-Hypersilcol-
umn (0.21 x 10cm) by changingthe mobile phasefollowed by column
switching.ThecompositionofIhe mobilephasewas91%AcN contain-
ing 1 m~ aceticacid and0.67 m~ dielhylamine,andthe flow ratewas
0.3 mI/min. Small adjustmentsin Ihe AcNconcentrationof themobile
phasewere madeto compensatefor different compositionof Ihe ex-
tracts.

Tamoxifen and its metaboliteswere eluted in the following order:
metaboliteV, metaboliteB, metaboliteBX, tamoxifen,metaboliteZ,
and metaboliteX. Thesecompoundswere postcolumnconvertedto
fluorophorsby UV illumination while passingthrough a quartztube,
andIhen monitoredby a fluorescencedetector.
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The instrumentsand the construetionof the postcolumnconverter
havebeendescribed(18).

Liquid Chromatography/MassSpeetrometry.The analyticalcolumn
wasconnectedto a LC/MS, thermospraysystem(Model 201; Vestec,
Houston,TX). Before enteringthe thermospray,the effluentfrom the
columnwasmixed with 0.1 M ammoniumacetatereagent,deliveredat
a rateof 0.7 ml/min via a zero deadvolume T-connector.

Determinationof Albumin. Albumin was quantitatedin individual
fractionsby “rocket” immunoelectrophoresis(16).Columndimensions
were2.5 x 70cm andflow rate52 ml/h. Temperature,4’C.

RESULTS

Identiflcationof Tamoxifenand Its Metabolitesin Biologjeal
Flnids andExtracts.Samplesof serum,pericardial,pleuraland
peritonealeffusionsweredeproteinizedwith AcN andanalyzed
by mierodispersionLC andfluorescencedeteetion,asdeseribed
in a previouspubhication(18). Tamoxifen,metabolitesY, X,
andZ, could be demonstratedin thechromatogramin substan-
tial amountswhereasmetabohitesBX and B werepresentonly
in low coneentrations(Fig. 1). The metabolitesseemto be
unconjugatedin thesefluids, since /3-glucuronidasetreatment
did not increasepeakheight (datanot shown).

The amountsof metabohiteBX in serum were below the
deteetionhimit of our LC/MS system.To verify the identityof
this metaboliteit wasconcentratedby extractionof 10ml serum
with hexane-2%butanol,evaporatedandredissolvedin 500gl
50% AcN. A compoundwith molecularion (M + 1)~ of 374
m/z,correspondingto thatof authenticmetaboliteBX, cochro-
matographedwith thefluorescencepeakof metaboliteBX (data
notshown).

The amountof tamoxifenand metabohitesin cerebrospinal
fluid was below the detectionhimit of our routine assaybased
on fluorescencedeteetion(Fig. 1).

In urine andbile the existenceof tamoxifen,metabohiteBX

A

B

c

D

E

Fig. 1. Chromatogramsof serumandvariousbiologjeal fluids. Samplesfrom
A, serum;B, pleural effusion;C, pericardialeffusion; D,peritonealeffusion; and
E, cerebrospinaltluid weresubjeetedto reversed-phasechromatography,ss de-
seribedin tbetext. Tbe samplesarefrom different patients.

Fig. 2. Chromatographyof extraetsfrom A, saliva; B, urine; C, bile; and D,
feces;andidentificationof compoundswith LC/MS. Tbe sampleswere divided
into two portions,one ofwhich wastreatedwirh ~3-glucuronidase.Sampleswere
subjectedto reversed-phasechromatograpbyaadescribedin thetext.Thefluores-
cenceprofiles wereobtainedafterpostcolumnphotoactivation(18). Low traces,
untreatedsamples;uppertroces,samplestreatedwith ~3-glucuronidase.Insets,LC-
SIM tracesfor the M’ ion for tamoxifen(374m/z) and metaboliteBX (372ml
z). to theseseparateruns the postcolumnreactorwasby-passed.

as well as other hydroxylatedmetaboliteslike metabolitesY
andB could beverified with LC/MS (SIM). This is shownfor
metabohiteBX in Fig. 2. In fecestheamountof metaboliteBX
wassmall andtheabundanceof the 374~ ion gavea response
only slightly but significantly abovethe basehine(Fig. 2). Me-
tabohiteB andtamoxifencould bedeteetedandverified in feces
by this method.

MetaboliteConeentrationsand Kineties during Chronic Dos-
ing. Fig. 3 shows the variations in serumconcentrationsof
tamoxifen and its metabolites, including metabohite BX,
throughout24 h in two patients(A. I., I. E.) during steady
state(Table 1). About 2 h afterdrugingestion,serumtamoxifen
showed a distinct peak, which was fohlowed by a less pro-
nauneedserumpeak. Theconcentrationthen slightly deehined.
Similar serumprofiles wereobservedfor metabolitesY, B, BX,
X, andZ (Fig. 3).

The serumconcentrationcurvesweredeterminedfor tamox-
ifen andits metabolitesin threepatientsafterdrugwithdrawal.
The ehiminationcurveswere monophasicandcorrespondedto
serumhalf-lives between7 and 11 days for tamoxifenand 10
and 11 for metaboliteX. Notably,thecurvesfor metabolitesV,
B, BX, X, andZ wereparallel to thatof theparentcompound,
tamoxifen(Fig. 4).
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Fig. 3. Fluctuationsin serumlevelsof tamoxifenand metabolitesduringone
dosinginterval. 30 mgtamoxifenwasgivenat time 0. Å, PatientAT; U, Patient
tE (8/8/87);M, PalientlE (10/9/87).
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Fig. 4. Eliminarion curves for tamoxifen and metabolitesin serum after
tamoxifenwithdrawal.Patient(A. B.) wastreatedwitb 30 mgtamoxifendaily for
60 days.At time 0 daystamoxifenwasreplacedwith MPA.

Theapparentterminaldistributionvolume(Vc) for tamoxifen
during steadystatecouldbecaleulatedfrom theequation(21):

v, =__

wherei- is thedosing interval,C themeanconcentrationduring

steadystate,andkei theelimination constant.
V, valueswere 52 liter/kg (A. B.), 61 liter/kg (G. I.) and53

liter/kg (E. M. C.). The Patient A. B. changeddireetly over
from tamoxifento MPA aftertamoxifentreatmentfor 8 weeks.
Patient E. M. C. used acetaminophen,allopurinol, codeine,
digoxin, furosemide,nifedipine,and warfarin, whereasG. T.
usedno otherdrugs.

30 ProteinBinding. Serumfrom a patient (B. L.) receiving 40
mg tamoxifen b.i.d. was subjectedto ultracentrifugation.A
gradientof albuminwascreated,andamountof albumin in the
topfraetionwas0.5%ofthat in wholeserum.Theconeentration
of tamoxifen, metabolitesY, X, and Z ciosely followed the
albuminconeentration(datanot shown).Basedon theresidual
amountof albuminin the top fraetionand thedeteetionlimit
of themetbod (about 1 ng/ml) the protein binding of these
threecompoundswere caleulatedto be higherthan 98%. Be-

24 30 causeof the Iow level of metabohitesB andBX in serum,the
protein bindingof thesecompoundscould notbe assessed.

Ihe proteinbindingwasfurtherstudiedby characterizingthe
mteractionof labelled drug with serum proteins.Most [3H]
tamoxifenaddedto serumcomigratedwith albuminwhenfrac-
tionatedby gel filtration on SephadexG 100.A peakof similar
magnitudeandelution volume was observedwhenserumwas
replacedby pure human serumalbumin at a coneentration
equivalent to that presentin serum (Fig. 5). Furthermore,
Scatchardanalysis(22)(notshown)ofthebindingdataobtained

30 fromequilibriumdialysisof [‘4C]tamoxifenversushumanserum
albumin revealedan associationconstantof 1.3 X 105/M and
approximateLy1 bindingsite per molecule.

From thesedataonecancaleulatethat albuminalonecould
bind 98.8%of tamoxifenin serum.Otlier binding proteinsdo
not seemto be involved to any greatextent.Fractionationof
serumineubatedwith labeledtamoxifen on coneanavahinA-
Sepharosecolumns(19) showedno label to be associatedwith
theadsorbedglycoproteinfraetion(Fig. 5). This excludessig-
nificantbinding to a

1-acidglycoproteinandthesteroid-binding
proteins cortisol binding globuhin and sex hormonebinding
globulin.

0

C4

0
0
0
ci
.0

0

.0

n

Fig. 5. Gel filtration of humanserum and human serumalbumin ineubated
with [

3H]tamoxifen. Top, gel filtration on SeplsadexG-bO (2.5 x 70 cm) of 1 ml
serum diluted 1:1 witb phosphatebuffer (pH 7.4) ineubated with 3 gCi 13H]
tamoxifen.Flow ratewas52 ml/b, temperature4’C. Radioactivitywasdetermined
in 0.5-mI aliquots of eluent fraetions. Absorbancewas measuredat 280 nm.
Albumin was quantitatedin eachfraetion by ~~rocket”immunoelectrophoresis.
Bottom,gel filtration asin the top, bul this time 2 ml 2% isuman serumalbumin
wasusedinsteadof humanserum.
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A small fraction of labeledtamoxifen was associatedwith
largeprotein(s)elutedin the void volumeof SephadexG-bO.
This binding could be due to the presenceof a high affinity,
low capacity binding protein analogausto the autiestrogen
binding site on rat serumlow densityhipoprotein(23).

Distributioninto Pleural,Pericardialand PeritonealEffusions
and CerebrospinalFlnid. The coneentrationsof tamoxifenand
its serummetaboliteswere determinedin pleural, pericardial
andperitonealeffusionsfrom nine patientsreeeiving chronic
tamoxifendosing.A serumsamplewasdrawnandanalyzedon
the sameoccasions(Table 2).

Therewasonly a marginalinerease(<5%) in coneentrations
of tamoxifen and its metabohitesin theseeffusionsas well as
serumafter ineubationwith ~3-glucuronidase(datanot shown),
suggestingthat they exist mainly as uneonjugatedspeciesin
thesefluids.

Thedistributionratiosbetweenthesefluids andserumvaried
between0.3 and i in mostcases(Table 2). Thesevalueswere
comparedwith thedistributionof albumin(mostratiosbetween
0.5—0.8)butno obviouscorrelationcouldbe demonstrated.The
distribution ratios for the different compoundswere similar.
Tamoxifenandits metabohitesthereforeseemto be distributed

into thesefluids to aboutthesameextent.Notably, the distri-
butionof tamoxifenandits metabolitesshoweda markedinter
patientvariation(Table 2). Forexample,theratio wasbetween
0.2 and0.6 for PatientR. H. on threedifferentoecasions(on
Days11, 66, and93 after initiation of treatment)audbetween
0.7 and 1.2 for PatientM. C. on two occasions(on Days23
and112).

Theamountsof tamoxifenandits metabohitesin cerebrospi-
nal liquor from PatientB. L. were below the deteetionhimit
(about 1 ng/ml) of our routine LC method.We improved the
sensitivity of tbe method by coneentratingthesecompounds
from 1.5 ml of CSFon top of theguardcolumu. On-column
coneentrationwas improvedby equilibrating the systemwith
water,audthenelutingit asdeseribedin “MaterialsandMeth-
ods.”TamoxifenandmetaboliteX was thendeteetedin signif-
icant,but low, coneentrations.TheCSF/serumratiowasof the
samemagnitudefor tamoxifenandmetabohiteX asfor albumin
(Table2).

TamoxifenandMetaboliteX in Saliva.Analysisof sahivafrom
11 patients showed that the compoundsmost abundantin
serum,tamoxifen,andmetaboliteX werepresentin substantial
amounts,whereasthe otbertamoxifenmetabohiteswereessen-

rable 2 Distribution oftamoxzfenanditsmetaboluesbetweenserumandpleural,pericardialandperitonealeffusionsandbetweenserumandCSF
Daysof

Patient treatment

UA 71

AF 20 Pleuraleffusion
Serum
Ratio

RH 11 Pleuraleffusion
Serum
Ratio

RH 66 Pleuraleffusion
Serum
Ratio

RH 93 Pleuraleffusion
Serum
Ratio

14 Pleuraleffusion
Serum
Ratio

DK 22 Pleuraleffusion
Serum
Ratjo

EI

148.1
32 1.7

0.46

63.7
145.2

0.44

3.1 3.0 2.8 114.9 9.6
8.5 7.1 7.8 200.9 20.8
0.37 0.42 0.36 0.57 0.46

3.7 0.8 1.3 56.9 8.3
13.3 3.3 4.0 121.0 18.3
0.28 0.24 0.33 0.47 0.45

72.0 8.0 1.5 5.5 121.3 29.3
151.5 28.3 3.5 8.6 203.6 47.5

0.48 0.28 0.43 0.64 0.60 0.62

73.7
198.0

0.37

66.4
95.5
0.70

9.1 0.8 3.4 110.3 26.3
33.9 4.4 13.4 281.0 65.2
0.27 0.18 0.25 0.39 0.40

9.2 2.0 9.2 85.4 23.1
13.1 5.5 10.0 103.2 25.8
0.70 0.36 0.92 0.83 0.90

50.5 4.7 0.3 2.2 113.0 15.8
138.7 13.2 0.7 3.6 187.3 48.0

0.36 0.36 0.43 0.61 0.60 0.33

15
25
0.60

30
38
0.79

30
34
0.88

25
38
0.66

34
47
0.72

26
40
0.65

AR 10 Pleuraleffusion
Serum
Ratio

67.5
159.7

0.42

1.7 1.2
5.2 4.5
0.33 0.27

0 38.9
3.0 75.7

0.51

0 16
3 25

0.64

NS 62” Pleuraleffusion
Serum
Ratio

MC 23 Pericardialeffusion
Serum
Ratlo

MC 112 Pericardialeffusion
Serum
Ratio

21 Peritonealeffusion
Serum
Ratio

EF

200.0 43.1 3.5 3.5 395.7 86.8
240.2 57.7 3.8 3.9 410.1 89.8

0.83 0.75 0.92 0.90 0.97 0.97

96.0
89.6

1.07

15.9 3.0 13.4 152.1 25.7
13.5 3.1 15.4 128.0 26.2
1.18 0.97 0.87 1.19 0.98

71.4 19.2 2.5 10.5 149.0 39.3
79.0 22.5 3.5 10.0 163.5 42.1
0.90 0.85 0.71 1.05 0.91 0.93

179.9 15.2 4.0 9.6 101.1 17.9
227.9 23.7 7.0 28.0 238.6 54.9

0.79 0.64 0.57 0.34 0.42 0.33

835 CSF
Serum
Ratin

1.1
103.2

0.011

1.2
15.8 1.6 6.7 171.5

0.007

0.2
33.7 31.8

0.006
“TAM, tamoxifen;Y, metaboliteY; fl, metaboliteB; BX, metaboliteBX; X,

62 daysafterdoseesealationfrom 30 mg daily to 40 mg twice daily.
metaboliteX; Z, metaboliteZ.

Sample

Pleuraleffusion
Serum
Ratio

TAM”
(ng/ml)

87.1
173.0

0.50

(ng/ml)

34.8
67.1
0.52

(ng/ml)

2.0
4.3
0.47

BX”
(ng/ml)

7.2
8.0
0.90

(ng/ml)

176.2
278.8

0.63

(ng/ml)

50.6
66.6
0.76

Albumin
(g/liter)

28
40
0.70

30
40

0.75

24
25

0.96

24
28
0.86

13
25
0.69
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dally absent.Furthermore,we found no striet correlationbe-
tweenserumlevetandtheconcentrationin saliva(saliva/serurn
ratio between0.003and 0.081 for tamoxifenaud 0.002 and
0.040 for metabohiteX), but saliva from patientswith high
serumlevelsoftencontainedrelativelyhigh amountsof tamox-
ifen andmetabohiteX (Table3). Notably,therewasatcorretation
betweenthe amountof tamoxifenaudmetaboliteX in saliva
(Fig. 6), suggestingthat sahivarytamoxifenis not derivedfrom
tabletresidues.

Table3 Distributionof iamox,fenandmetaboliteX intosaliva

Patient Sample

UA Saliva
Serum
Ratio

SB Saliva
Serum
Ratio

SE Saliva
Serum
Ratio

RH Saliva
Serum
Ratio

EN Saliva
Serum
Ratio

JGO Saliva
Serum
Ratin

SP Saliva
Serum
Ratin

RS Saliva
Serum
Ratio

TS Saliva
Serum
Ratio

KZ Saliva
Serum
Ratio

LMø Saliva
Serum
Ratio

12

10

8

6

4

2

Tamoxifen
(ng/ml)

0.6
110.6

0.005

1.2
146.0

0.008

7.8
283.5

0.028

2.2
124.6

0.018

0.6
104.4

0.006

2.1
188.5

0.011

1.7
90.3
0.019

0.3
23.4
0.013

0.6
192.0

0.003

5.0
252.4

0.020

14.6
179.0

0.081

MetaboliteX
(og/mI)

0.8
202.8

0.004

1.3
197.3

0.007

5.8
215.0

0.027

3.0
186.8

0.016

0.7
105.9

0.007

1.2
206.8

0.006

1.1
178.3

0.006

1.1
69.9
0.016

0.8
368.8

0.002

4.8
425.8

0.011

11.1
279.6

0.040

Urine, Bile, aud Feces.Fig. 2 showsthat the hydroxylated
metabohitesY, B, andBX, are the predominatingspeciesin
urine as welt as in bile. MetabotiteB and the newmetabohite,
BX, are aboutequahtyabundantin urine, whereasthe amollut
of metabotiteBX exceedsthat of metabohiteR in bite. Tbese
metabolitesareprobablyconjugatedin urineandbite sincetheir
chromatographicpeaksappearafter~-glucuronidasetreatment
(Fig. 2, B andC).

The bite serum ratio for Patient E. B. after 71 days of
tamoxifentreatmentand 21 daysexternatT-tube was for ta-
moxifen aud metabotitesY, B, BX, X, audZ 0.3, 1.3, 69.0,
47.0, 0.01, and0.2, respectively.

In fecesthe metaboliteprofile is quite different (Fig. 2D).
Large amountsof tamoxifen and metaboliteB were found,
whereassmaller amountsof metabohiteBX aud X were re-
covered.Ihe recoveryof thesecompoundswas abouttwofold
higherwhenfeceswasextractedwith AcN comparedwithwater
(datanot shown). Treatmentof the fecat extract from one
patientwith f3-glucuronidaseincreasedconeentrationof tamox-
ifen andmetabotitesby less than 27%,whereasthe ebromato-
graphicprofite was unchangedafter~-gtucuronidasetreatment
in the two otber samplesinvestigated.This suggeststhat ta-
moxifen andmetabotitesare maintyuneonjugatedin feces.

Theamountsof tamoxifenaudits metabotitesfoundin urine,
bile audfecesafter ~3-glucuronidasetreatmentare summarized
in Table4.

In a pretiminary investigation we have found that the
amountsrecoveredfrom urine after boiting with sulfurie acid
inereasedmore than lO-fold. This indicatesthat otherconju-
gatesthan glucuronidesmaty be present.Howeveracid hydro-
tysesmayattertheaglycone.Theseresuttsarethereforedifficult
to interpret.

DISCUSSION

The presentpaper deseribesthe distribution of tamoxifen
and its metabolitesinto effusions, cerebrospinalfluid, sahiva,
urine, bite and fecesof patientsreceiving chronicdosingwith
tamoxifen.ThemetabolitesinvestigatedineludemetabohiteBX
which was recentlydiscoveredin our laboratoryto be present
in humanbite (15), but evaluationof its role witl dependon
knowledgeof its coneentrationin serumaudotber fluids. No-
tably, this compoundexists in serumand effusionsin smahl
amountswhich exceedthatof metabotiteB (Fig. 1, Table 2).
Thus,thesehydroxylatedmetabolitesmaty reachthetargetcehls~
This may be importantsince they havea higheraffinity than
tamoxifen towardsthe estrogenreceptoraud maty therefore
possesssignificantbiologicat activity (8). However,the largest
amountsof metabolite BX are found in conjugatedform in
excretoryfluids like bile andurine (Fig. 2, Table4), suggesting
that metabolismalong this pathwaycontributesto the meta-
botic clearanceof tamoxifen.

Table4 Tamoxifenandmetabolitesextraciedfrom24-hsamples0!urine, bite
andfeces

All samplesweretreatedwith b-glucuronidase,andthevaluesaregivenin og!
24 h.

Metabolite

Y B BX X Z

11.4±5.24.7±3.0 0
98 1 2

141 92 2
92—189 61—121 0—7

Material TAM

Urine” 3.5 ± 2.2 5.6±4.3 8.9 ±5.1
Bile” 12 5 68
Feceac 609 24 314

20 230—1092 13—41 123—579
“Values aregiven asmean±SD, n = 14.
“Sample from one single Patient(E. B.) with hver metastasesandexternal

biliary drainage.
Valuesaregivenasmeanandrange,n = 3.

b.O

0 5 10 15

Tamoxifen(ng/ml)

Fig.6. CorrelationbetweentamoxifenandmetabohiteX in saliva.

2180



DISTRIBUTION OF TAMOXIFEN METABOLITES IN HUMAN5

We monitoredserumtamoxifen, metaboliteBX and other
metabolitesduring one dosinginterval in two patients(Fig. 3).
The coneentrationsare within the range reportedby others
(24). Tamoxifen in serumhad a peakconeentrationwhich
subsidedwithin 5 h after drug intake (Fig. 3). This transient
inereaseis probablyrelatedto drug absorption(25). A second
moderateincreasein serumconeentrationcoutdbe explained
by enterohepaticcireulation which has beenreportedfor ta-
moxifenin therat anddog (10).

Most metabolites,especialtyY, X, andZ, showedat serum
peakcondurrentwith the absorptionpeakfor tamoxifen(Fig.
3). This could be explainedby efficient formation of these
metabotitesfrom tamoxifenbeforetheparentdrugis distributed
to peripheralcompartments.

The ehiminationcurve for tamoxifenafter drug withdrawal
was monoexponentialandconsistentwith at hatlf-life of 7—11
datys (Fig. 4) which is in accordancewith data reportedby
others(12). In some patients(A. B., E. M. C., andG. T.) the
curvesof metaboliteX andZ paralleledthe tamoxifen decay
durve. The samerelation to tamoxifen seemsto exist for me-
tabolite Y, B, andBX, but determinationof the terminatdata
pointswas hamperedby low coneentrationsapproachingthe
deteetiontimit of the assaty.Our datasuggestthat the serum
levels of metabolitesX andZ andprobablyof Y, B, andBX
areproduetionratelimited, and that theelimination ratesfor
these metabohitesequal or exceed that of tamoxifen. This
conclusionis in variancewith the resutts from single dose
experimentsshowing that metaboliteX hasat longer hatf-life
than tamoxifen(12, 26). Our datashouldbe interpretedwith
caution becauseour patientshavevarious manifestationsof
breastcaneer.Furthermore,oneof them changedover from
tamoxifen to MPA, at drug which maty influence tamoxifen
pharmacokinetics(26). Anotherused at combinationof eight
drugs inctudingwarfarin. The possibility that tamoxifen(and
its metabolites)maty affeet its own metabohismthroughinflu-
enceon mierosomatenzymes(27) shouldatsobe considered.

To the best of our knowledgethe distribution volume of
tamoxifenhasnotbeenprevioustydetermined.We caleulated
the terminaldistribution volume (Vi) for tamoxifento be 50—
60 liter/kg. Ihis estimationis basedon theassumptionthatthe
bioavailabihity (19 of tamoxifenis equatto one,as reportedin
animats(10). F hasnotbeendirecttydeterminedin humansfor
this drug becauseno intravenousformutationof tamoxifenis
avatilable.However,Adametal. (12) demonstratedequalavait-
ability of different oral formulationsof tamoxifen, suggesting
efficient absorption.

The protein binding of tamoxifen and its metabohitesin
ptasmamaty affeetdistributionas well ats elimination,but data
on protein binding of tatmoxifenare sparse(23, 28, 29) and
havenot beenpubhishedfor tamoxifenmetabolites.Weinves-
tigated the protein binding by uttracentrifugationof patient
serumandfound that tamoxifenandmetabohitesY, X, andZ
cosedimentedwith serumalbumin. Our datawere consistent
with protein binding higher than 98% for thesecompounds
during chronictamoxifenadministration.

The gel flitration experimentwith labeledtamoxifen(Fig. 5)
suggeststhatt atbuminis the matin but not the sole carrier of
tamoxifenin humanserum.A smaltfraetionof labeledtamox-
ifen was assoelatedwith large protein(s) eluting in the void
volume of the SephadexG-bO column (Fig. 5). This binding
could be due to the presenceof at high affinity, low capadity
bindingproteinatnalogousto thetamoxifenbindingsiteon low
densitytipoproteindescribedin ratserum(23). In view of the
highconcentrationof tamoxifen, i.e., micromolarrange,circu-
latting in theblood of treatedpatients,the importandeof such

at binding protein seemsto be neghigiblecomparedto albumin,
evenat the very low (nM) coneentrationof tamoxifeninvesti-
gated(Fig. 5).

Theequitibrinmdialysisstudiesrevealedhighaffinity binding
of tamoxifento serumatbumin,and thereis aboutonesiteper
albumin molecule. From theseparametersand the atbumin
coneentrationin humanserumonecancatlculatethat albumin
alonematybind 98.8%ofthetamoxifenin serum.However,the
binding parametersobtatinedfor tamoxifen shouldbe viewed
with some caution.Onty 60% of radiotabeledtatmoxifenwas
recoveredin our diatysisexperiments(datanot shown). We
haveobservedthat free tamoxifenadheresto gtatsssurfateesand
membranesduring dialysis atswell asultracentrifugation.This
niaty leadto underestimationof thefree tamoxifenfratetion.

Fratetionationof serumineubatedwith labeledtamoxifenon
at coneanavalinA-Sepharoseaffinity colunin showedno radio-
atetivityto beatssociattedwith theabsorbedglycoproteinfraetion
(datanot shown).This excludestamoxifenbinding to steroid-
bindingproteinslike cortisotbindingglobutinandsexhormone
binding globulin, aswell as to a1-atcid-gtycoprotein(19). This
finding is importantbecause~zv1-acid-gtycoproteinis at highty
fluetuating“ateutephaseprotein”whichincreatsesduringmatig-
natntdiseases(30). ce1-Acid-glycoproteinaccountsfor significant
proteinbindingof matnylipophilic batsiedrugs(30) andhasalso-
beenshownto bindto steroids(31).

The high degreeof binding of tamoxifento human serum
albuminis at factor which tendsto retainthe drug within the
circulation.This is in contrastto therelatively largevolumeof
distributionfor tamoxifen(V~ about50—60 liter/kg), which is
in accordancewith recoveryof highconcentrationof radioactive
tamoxifenin severaltissuesfollowing i.v. injeetion into mice
(32) and rats (33). Due to the limited binding capateityof the
estrogenreceptorthis maty only contributeto the binding of at
smathi fractionof tatmoxifen in tissue.However, therearehigh
affinity, high capateity binding sites for tatmoxifen, so-catled
“antiestrogenbinding sites,” in most tissues(34—36). Such
peripheratl sites maty contribute to the extensivedistribution
and long hatif life of tatmoxifen. In addition, tamoxifen is at
Iipophitic drug which maty accumulatein bratin (32) and fatt
tissue.

Tamoxifenandalt serummetabohitesare readilydistributed
into peritoneal,pericatrdial, aud pleural effusions(Table 2)
wherethesecompoundsmaty affect catncercells. Othershave
reportedon the attatinmentof at rapid equilibrium of drugs
betweenserumandsuch effusions(37) which areregardedas
shattowcompartments.The differencesin coneentrationsbe-
tweenserumand theseeffusionsmaty be relattedto fluctuattion
inserumlevelsduring at dosingintervati(Fig. 3)audtheturnover
of thesefluids.

Only tradeatmountsof tamoxifenandmetaboliteX (atbout
0.5% of serumtevel) were found in cerebrospinatfluid from
onepatientredeiving30 mg tamoxifendaily (Fig. 1, Table2).
To deteetthesesmallconcentrattionswe hadto addon-colunin
coneentrationof extract of 1.5 ml cerebrospinattfluid to our
routineassaty.Othershavereportedno deteetabletamoxifenin
cerebrospinalfluid from at pattient receiving 150 mg tamoxifen
twice daily (38).

Our resultsshowthat tatmoxifenandmetaboliteX crossthe
btood-brainbarrier.Thereareseveralpossiblereasonswhy only
small amountswere detected.Freetatmoxifenand metatbolites
maty be atvidly adsorbedfrom at solution like CSF with low
proteincontentto surfateesduring samplecotleetion.Assuming
thattprotein-bindingof tatmoxifenatnd metatbotitesapproatches
100% in CSF, theprotein-boundfractionaccountsfor mostof
thedrug also in this fluid. Thus, low albumincontentexplains
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the tow drug concentrationin CSF.The observationthat the
CSF/serumdistributionratiosfor tamoxifen,metaboliteX, and
albumin areneartyequal(Table2) supportsthis possibility.

The presenceof protein-boundtamoxifen in CSFinipties
Ihat at leasttraceatmountsof free, activedrug exist. Freedrug
may becomedistributedinto tumorand bratin tissue.Notatbty,
Witking (32) found eight timeshigherconeentrationsof radio-
activity in bratin tissuethenin bloodof miceinjeetedwith [‘4C]
tamoxifen. Small amountsof drug maty become avatitableto
bratin metastases.Suchcancerceltsare oftenestrogenreceptor
negative(39). This maty explainthe laekof effectof tamoxifen
onbratin metastases(39).

Comparedwith cerebrospinatfluid, sativawasrich in thetwo
compoundsmostabundantin serum,tamoxifen,andmetabolite
X. Traceatmountsof metaboliteZ were atso found in some
samples(Fig. 1). No strid correlationwitb serunilevels was
found (Tabte 3). This could be retattedto partial drug and
metaboliteadsorption,which could be demonstratedto occur
to waxed sheet(Parafilm) ehewedby patients to stimutate
sahivaryflow.

Comparingtheprotein-bindingof tamoxifenandmetabotite
X (higherthan 98%>with thedistribution of thesecompounds
into saliva (distribution ratio of 0.004—0.081, Table 3) it is
suggestedthat thelevel of drugin sativaexceedstheconeentra-
tion of freedrug in serum.High coneentrattionsin sativatends
supportto theconclusionthat tipid solubledrugs readitycross
the gland epithelium(40). For someantiepileptiedrugs levets
in sativahavebeenregardedto ref1ectthefree fraction(41). At
leasttwo explanationscouldbeofferedfor thedisparitybetween
theunboundfractionandthesahivarytevels.Firstly, tamoxifen
andits predominatingserummetabolitesmaty beatetivelytrans-
portedinto thesalivaor trappedin the salivathroughinterate-
tion with sativaryproteinsinctudingatbumin(42), or because
of pH-dependentchangein drug ionization(43). Secondty,the
free fractionof tamoxifenandtamoxifenmetabolitesin serum
is in faetunderestimateddueto adsorption,as discussedabove.

High concentrationsof tamoxifenandtamoxifenmetabolites
in the sahivarygtandspoint to the possibihitythat thesecom-
poundsmaty be accumutatedin otherexocrineglands aswetl.
In miceinjectedwith [“C]tamoxifen, thedrugwas enrichedin
pancreasandlung(32). Tamoxifenispresentlyunderevaluation
asat drugin thetreatmentof patnereascaneer(2).

Conjugated,hydroxytatedtatmoxifenmetabotites(Y, B, and
BX) seemtoprevatil in biteandurine(Fig. 2, Table4) suggesting
thatbiotransformationto suchspediesare importantprocesses
in tamoxifen ehimination. In addition, conjugattedtamoxifen
could also be recoveredin significant amountsfrom bile (Fig.
2, Table4).However,ourresultswith bile shouldbe interpreted
with cautionsincethey are obtainedfrom at singlepatientwith
hver metastasesand bile dratinage;bothare faetorswhich maty
modify bite composition(44). The high bite/btoodconeentrat-
tion ratio of metabolitesB andBX suggestsanactiveseeretory
processresponsiblefor their transferfrom blood to bile <45).
From bile thesecompoundsreachfeceswhich seenisto be at
majorexcretoryroutefor tamoxifenin humans(11).

The metabohiteprofile in fecesdiffers markedlyfrom thatof
bile andurine.Tamoxifenandmetabotitesexistin fecesmatinly
as unconjugatedspecies.Thismaty be exptainedby deconjugat-
tion catatyzedby enzymesderivedfrom intestinatmicroorga-
nisnis (46).

Tamoxifen itself and metabohiteB atre the most atbundant
compoundsin feces.Signifieantamountsof metaboliteBX are
alsodetected(Fig. 2, Tabte4).Thus,thesehydroxytatedmetab-
olites maty representquantitativelyimportantexcretoryprod-
ucts of tamoxifen,as hasbeensuggestedfor metabohiteB in

taboratoryanimatsandhumansby others(10, 11). It is possibte
that tamoxifen in feces is producedthrough the atetion of
bacteriatenzymeson tamoxifenmetatbohite(s).This is at prereq-
nisitefor theproposed(10) enterohepaticcireutationof tamox-
ifen.

MetabohiteY was recoveredfrom fecesin onty traceamounts
(Fig. 2, Tabte4) but this metaboliteis abundantin bite (Fig. 2)
and presentin significant amountsin serum from patients
redeivinghigh-dosetamoxifen(38). Thesefindingsare consist-
ent with reatbsorptionof metaboliteY from theintestinalcon-
tents.

In conctusion,tamoxifen is extensivetymetabohized.Smatt
amountsof hydroxylattedmetabotitesare detectedin serum,
wheretatmoxifenand themostabundantmetabolitesarefound
to be highty protein bound. Both tamoxifen and its serum
metabolitesarereadilydistributedinto pericardial,pleural and
peritoneateffusions,whereasontytraceamountsseemto eross
theblood-brainbarrier.Moderatequantitiesexceedingthefree
fractionswere deteetedin sattiva. Conjugated,hydroxylated
metabolitesare the prevatihing speciesin excretoryfluids like
urine and bile, and formation of these compoundsmaty be
importantfor tamoxifenetimination.
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