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ABSTRACT

A procedurefor the extractionof tamoxifen and nietabolitesfrom
various rat andhumantissueswas developedand verified. With this
method,we determinedthe drug andmetaboliteconcentrationsduring
onedosinginterval in varioustissues(brain,fat, hver,heart,lung,kidney,
uterus,andtestes)of ratsgiventamoxifenoncedaily for 3 ur 14 days,
andin various normalandmalignant tissuesobtainedduringsurgeryor
at autopsyfrom patientswith breastcancertreatedwith tamoxifen.

In the rat, the concentrationsof tamoxifen audmetabolitesin most
tissueswere8- to 70-fold higherIhanin serum.The highestlevelswere
observedin lung andhver; substantialamountswerealsorecoveredfrom
kidneyandfat. Fluctuationsof metabolitesandtamoxifencontentin most
tissueswereobservedduringonedosinginterval,correspondingto aratio
of 4:8 betweenc, andC’..~, exceptin fatand testicular lissues,where
thedrugconcentrationswere relativelystable.In additionto tamoxifen,
N-desmethyltamoxifen,followed by 4-hydroxytamoxifen,4-hydroxy-N-
desmethyltamoxifen,and N-desdimethyltamoxifen,were abundantin
mosttissues.In contrast,adiposetissuecontainedonly smallamollutsof
thesemetabolites.

The coneentrationsof tamoxifen and metabolitesfound in human
normal andmahignanttissuesconfirmedandextendedthe conclusions
madein theexperimentswith rats.In humans,levelswere10- to 60-fold
higherin tissuesthanin serum,andrelatively high concentrationswere
detectedin hveraudlung. Additionally, pancreas,pancreatictumor,and
brain metastasesfrom breastcanceraudprimarybreastcancerretained
largeamountsof drug.Again, theamountsof demethylatedandhydrox-
ylated metabohiteswere high in most tissues,exceptin fat. Tamoxifen
audsomemetahohiteswerealso presentin specimensof skin and bone
tissue.In onepatient,significantamountsof drugscould be detectedin
lung, heart, ovary, andintestinal wall 14 monthsafter withdrawal of
tamoxifen,demonstratingefficient retentionandslow washoutof these
compoundsin humantissue.

INTRODUUFION

Thenonsteroidantiestrogentamoxifen[trans-1-(4~-dimethy-
laminoethoxyphenyl)-1,2-diphenylbut-1-ene]is a first-line drug
in thetreatmentof estrogenreceptorpositivebreastcancer(1).
Tamoxifen hasalso beenconsidereda therapeuticagent in
othercancers(2, 3), in somenonmalignantendocrinediseases
(2), andasprophylacticinterventionin womenat high risk of
developingbreastcancer(4).

Tamoxifen is extensivelymetabolized,andseveralmetabo-
litesof tamoxifenhavebeendetectedin humanserum.Tamox-
ifen andmetabolitesformedby demethylation(metabolitesX3
audZ) are the predominatingspeciesin serum,whereasthe
concentrationsof themorehydrophilic, hydroxylatedmetabo-
lites (Y, B, andBX) are low. Metabolismmay play a role in
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tamoxifenaction,especiaflysincethehydroxylatedmetabolitesi
B andBX havea higheraffinity for theestrogenreceptorthan
theparentdrug (5). A simplified metabolicsehemeis depicted
inFig. 1.

Thedistributionof tamoxifeninto tissuesandtheavailability
of thedrug andactive metabolitesto targetcelis are obvious
determinantsof tamoxifeneffeets.In serum,morethan 98% of
the tamoxifen is bound to albumin. The apparentvolume of
distribution for tamoxifen is high (50 to 60 liters/kg) (6),
suggestingextensivedistributioninto peripheraltissuesandUte
presenceof only a minor portionof drug (0.1%) in the serum.
Thesepharmacokineticpropertiesof tamoxifen may explain
whyno correlationbetweenplasmalevelsaudclinical response
hasbeenobserved(7—9). However, in studiesin rats,tamoxifen
and metaboliteconeentrationsin tumor ceils were relatedto
tumor regression(9), auda dose-responserelationshipfor ta-
moxifen hasbeendemonstratedin vitro (10—13) and in female
athymicmice andrats (9,14).Suchexperimentaldatamotivate
investigationsof the amountof tamoxifenaudmetabolitesin
tissuesauddistributioninto extravasalcompartments.

Tissuedistributionof tamoxifenhasbeenreportedinanimals
(15—20) aud humans(21—24). To our knowledge, only two
investigationsdeal with tissuelevels following repeatedp.o.
dosingof tamoxifen(18, 25), audthevariationsin tissuelevels
during one dosing interval have not beeninvestigated.Two
studiesreportedhigh levels of tamoxifen andmetaboliteX in
breasttumor(23—25)audmusele(23) from patientstreatedfor
a sufficienttime to obtain steady-state.

Wehavepreviouslyreportedthat tamoxifenaudits metabo-
lites, including the newly discoveredmetabolite4-hydroxy-N-
desmethyltamoxifen,BX (26), are readilydistributedinto bio-
logical fluids from patientsreceivingchronictamoxifentreat-
ment.The conjugated,hydroxylatedmetaboliteswere the pre-
vailing speciesin excretoryfluidslike urineaudbite,suggesting
a role in drugelimination(6, 26).

The aim of thepresentwork was to investigatethe distribu-
tion of tamoxifeuaud its metabolites,ineludingboth the de-
methylated species aud the more hydrophilic metabolites
formedvia hydroxylation,into varioustissuesofrataudhuman.
Rat tissueswere seleetedon the basis of diversity of lipid
content,blood flow, auddrugmetabolizingactivity. Theavail-
ability of humanspecimenswas restrictedto tissuesobtained
at surgeryorautopsy.Wefirst verified theextractionprocedure,
using various rat aud human tissues. With this method,we
studiedtamoxifen aud metaboliteconeentrationsaud the ki-
netiesof drugdistribution into varioustissuesfrom rats given
tamoxifeup.o. for 3 aud 14 days.The resultswere compared
with data on drug content in normal aud malignant tissues
obtainedfrom patients given long-term p.o. treatmentwith
tamoxifeu.

MATERIALS AND MEIHODS

Chemicals.Tamoxifen,metabolitesY, B, BX, X, aud Z were gifts
from Imperial ChemicalIndustries.PLC, PharmaceuticalsDiv., Mac-

4837



TI55UE DIsTRInUTION OF TAMOXIFEN AND METABOLITES

CH
3~ — CH3 —

NCH2CH2O ~ i ~ ‘N CH2CH2O ~ AN!>
3 CC CH(i§~Ø ~CH2CIT~ tÅ~{~ ‘CH2CH3

Tan,oxifen MetaboliteB
4-Hydrooytan3oxifen

+
c1-1 —~

3’NCH2CH,0

Metabolite X
N-Oestnethyttamoxtfen

I

CH3~

A4CH2CH20 \ /
c~c,v~—/

tj~ ~ ‘CH2CH3

Metabolite BX
4-Hydroey-N-desmethyttomoxtfen

\ CH2CH20 \/ ~~Cll2CH2O—Q\ ~4j~
11 C~C ~-

Q/ CH2CH3 ~ CH2CH3

Metabolite I MetaboliteY
N-Desdimethyltainoxifen t’rimaryaleohot

Fig. 1. Proposedmetaboliepathwaysfor tamoxifen.

clesfield, UK. “HPLC-grade”acetonitri]e was purchasedfrom Rath-
burn Chemicals,Ltd., Walkerbum, Scotland, UK. Acetic acid and
diethylaminewere from Merck AG, Darmstadt,FederalRepublicof
Germany.Ihereversed-phaseanalyticalcolumn(0.21x 10 cm) packed
with 5-~tm particlesof octadecylsilane(ODS-Hypersil)was purchased
from Shandon,Palo Alto, CA. The precolumn (0.21 x 3 cm) was
packedwith 5-lam particlesof ODS-Hypersil.

Animals. Male andfemalealbino Wistarratsweighing250to 350 g,
suppliedby Møllegård,Ltd., Skensved,Denmark,wereused.Theywere
kept in metal wire cagesin a room with 12-h light-darkcycles,andat
aconstanttemperatureof 20 ±3~C. The animalswereacclimatizedfor
at least 5 days under these conditions before the start of the
experiments.

Animal Study.Tamoxifencitratewas dissolvedin propyleneglycol
(0.2 mg/mI). The animalswere givendosesof i mg/kg body weight/
day via an esophagealtube for 3 ur 14 days. On the third day of
treatment,threemale and threefemalerats weresacrificed0, 2, 4, 6,
12, and 24 h after the last tamoxifendose.Six femalerats received
tamoxifen for 14 days,and groupsof threeanimalswere killed 6 and
24 h after the last dose.Samplesfrom brain,hver, heart,lung, retro-
peritonealfat, kidneys,testes(malerats),anduterus(femalerats)were
immediatelydissectedand frozen in liquid N2 and storedat —80’C
until sampleprocessing.

Patientsand Collection of TissueSamples.Samplesfrom normal
tissue and tumor were obtainedduring surgeryur at autopsyfram
patientsoccasionallysuccumbingwhile receivingchronic tamoxifen.
Since tamoxifen is usedas first-line treatmentof breastcancer,the
accessto such material was limited. The tissue samplesfrom 14
patients,age 28 to 89 years,were collected from four Norwegian
hospitalsduringtheperiod fromMay 1987 to November1990.

We determinedthe amountsof tamoxifenand its metabohitesin 37
tissuesamplesfrom 14 patients.Nine patiefits were in steady-state
(treatmentfor more than 35 days) and three patientshad received
tamoxifenfor 7 to 13 days.PatientsBiE andAM badreceivedtamox-
ifen for 3 to 3.5 yearsat the time of tissuesampling.PatientsEB and
EDhadatamoxifen-freeperiodof28daysand 14months,respectively,
prior to tissuesampling.Tissuespecimensfrom all otberpatientswere
obtalnedwithin one half-life of tamoxifen [4 to 60 h; T112 > 7 days
(21)1 (Table 1).

PatientEB receivedalternatingtamoxifenur medroxyprogesterone
acetate,each drugfor 8 weeks.Patient ED was treatedconsecutively
with megestrol,Adriamycin, and 5-fluorouracil in combinationwith
mitomycin in thetamoxifen-freeperiod.

Tissuespecimensobtainedduringsurgerywerewashedin salineand
immediately frozen in liquid nitrogen. Blaod sampleswere drawn
simultaneouslyif possible, and the serumwas preparedand frozen.
Biological materialswerestoredat —80

0Cuntil analysis.

Patientcharacteristicsandtissuesampling(at operationur autopsy)
arelisted in Table1.

Extractionand Recoveryof Tamoxifenand Metabohites.Recovery
studieswereperformedin brain, lung, hver, kidney,heart,andadipose
tissue fram rat and human.The human tissueswere obtalned fram

autopsymaterial.
Tissue samplesweighing about 2 g werehomogenized(1:5, w:v) in

50 mM Tris-HC1, pH 7.4, at 20,000 rev/min, using an Ultra Turrax
homogenizer.Ihe volume of the homogenizationbufferwasincreased
for theskinsamples(1:10, w:v)and for tissuespecimensweighingless
than2 g, i.e., uterus framrats (1:40, w:v), tumorandbreastglandular
tissuefram patientSR (1:10, w:v), andtumortissueframpatientRT
(1:20,w:v). Thehomogenatewasmixed with anequalvolume of 100%
acetonitrile,precipitatedprotein wasremovedby centrifugation,and
supernatantsweretransferredto samplevials,capped,andanalyzed.

Bonetissuewasobtainedfromapatientwho receivedafemoralhead
prosthesis.Cortical bone was obtainedby tangentialsawing in the
cortexof thefemoralhead.Thesawdustwashomogenizedasdescribed
above.

The recovery of tamoxifen and its metaboliteswas evaluatedas

Table 1 Patientcharacteristicsanddrug treatment

Tamoxifen
treatment

Daily tntervalbetween
Age Duration dose lastdoseand

Patient (yr) (days) (mg) tissuesamphing Otberdrugs

RA 46 7 300 28 h Dexamethasone

ER 68 56

20b 28 days Medroxyprogesteroneacetate
Estriol (intravaginal)

BiE 89 1263

BoE 73 249

ED’ 28 210

20 24 h None

None

30

BH 76 37t 20

AM 75 935 30 26h

AN 46 7 30 28h

BO 71 180 50d 4b

SR 71 227 20 27h

MS’ 67 188 30 49h

TS 49 120 20 26h

RT 72 592 40 25h

0W 61 13 800 61 h

418 days Difiunisal
Forosemide
Ampbotericin
Atenolol
Bromhexine

27 h Furosemide
Triazolam
Methenamine
Nitrofurantoin

None

Dexamethasone

Furosemide

Furosemide
Triazolam
Metbenamine
Nitrolbrantoin
Dienestrol(intravaginal)

Morphine
Haloperidol
Triazolam
Trimethoprim
Diazepam
Hydrocodone

None

Warfarin

Cephalexin
Metoelopramide

0 Sixty mgdaily for the initial 3 days.

“Alternating8 weekstamoxifenand8 weeksmedroxyprogesteroneseetate.
‘Samplestakenduring autopsy.The samplesfrom the other patientswere

obtainedduringoperationaardiagnosticprocedures.
d Twenty mg at the dayof operation.
o 0W receivedonly two dosesof tamoxifen:90 mg t 3 daysbeforeoperation

and80 mg 61 b beforeoperation.

4838



TI55UE DISTRIBUTTON OF TAMOXIFEN AND METABOLITES

follows. A solution was preparedcontaining100 ~~g/mlaf tamaxifen
and metabolitesB, BX, X, andZ in methanol.ALiquatsof 10 gi of this
solutian wereaddedta 10 ml af tissuehamogenate(tubeA), of 100%
acetonitrile(tubeB), and ta 100% acetonitrile(tube C), giving final
concentratiansof 100 ng/ml for eachcompaund.Hamagenatespiked
with drug(in tube A) was incubatedat 37’C for 15 min in ashaking
waterbath. Ihen the homogenatewasmixed with anequal volume af
acetonitrile.Theacetanitrilecontainingdrug(tubesB andC) wasmixed
with anequalvolume of eitherhomogenate(tubeB) ar water(tubeC).
Precipitatedpratein wasremovedby centrifugatian,and the superna-
tants were analyzedby HPLC. The concentratianof drugs in the
acetonitrilediluted with anequalvalumeaf water(tube C) is taken as
100%.

High-PerformanceLiquid Chromatography.We useda liquid chro-
matography systemwhich was developedfor the determination of
tamoxifenand metabolitesin serum(27). The assaywas modified to
improve the separatianand isolation af theearlyeluting, hydrophilic
metabolites.Themetbad(27)andthemodificationarebriefly described
below.

Largesamplesof 250 gi were injectedinta a small precalumnwith
an internal diameterof 0.21 cm, packedwith 5 gm actadecylsilane
material.The lengthof this colunin was increasedfram 2 cm ta 3 cm.
Ihe sampleswerean-columnconcentratedby equilibratingtheprecaI-
umn with 50% acetanitrilein water,containing6 mM aceticacid and
4 mM diethylamine.The analyteswerethendirectedinta ananalytical
ODS-Hypersilcolumn (0.21 x 10 cm) by changingthe mabile phase
fallowedby column switching. Ihe compositian of the mobile phase
was 91%acetonitrilecontaining1 mivi aceticacid and0.67 mM dieth-
ylamine,and theflow ratewas 0.7 mI/min. Tamoxifen and its metab-
alites were elutedin the t’allowing arder:metaboliteY, metabaliteB,
metaboliteBX, tamoxifen, metabaliteZ, and metaboliteX. These
compoundswere post-calumnconvertedto fluorapharsby ultraviolet
iliumination while passingthrougha 10-mtransparentknitted PIFE
reactioncoil inside themodelBeamBaost,manufacturedby ict Handels
GmbH,Frankfurt,FederalRepublicafGermany.Thefluorescencewas
monitoredusing anHPLC detector,model RF-535, fram Shimadzu,
Kyata,Japan.Theexcitationwavelengthwas251nm, andtheemission
wavelengthwas 360 nm.

Ihe chromatogramsof thetissueextractscontaineda braadsolvent
frontwhich preventedthedeterminationof metaboliteY.

Liquid Chromatography/MassSpeetrometry.Homagenateswereex-
tractedwith 10 volumesaf hexane:butanol(98:2,v:v). The supernatant
was evaporatedin plastic beakersat 55’C undernitrogen, redissolved
in 1 ml 50% acetonitrile,and centrifuged.Thesupernatantwastrans-
ferred ta samplevials, capped,and analyzed.The analyticalcolumn
was connectedta a Iiquid chramatography/massspectrometryther-
maspraysystem(madel 201; Vestec,Hauston,TX). Beforeentering
the thermospray,the effluentfram the column wasmixed with 0.1 M

ammoniumacetate,deliveredat a rateaf 0.3 mI/min via a zero dead
volumeT-connector.

RESULTS

RecoveryofTamoxifenandMetabolitesfrom TissueExtract.
Aqueoushomogenatesframvariaushumanandrat tissueswere
spiked with tamaxifen and its metabolitesand incubatedat
37~Cfor 15 min. Theamountsrecoveredwere determinedand
comparedwith thosedeterminedin asolution of 50%acetoni-
trile spikedwith thesameamauntof drugs.Thesevalueswere
takenas 100%.

Farmost tissues,the recoverieswerebetween70 and100%,
andthere was a trend toward a slightly higher recovery for
hydroxylatedmetabolitesB andBX than for tamoxifen itseif
andmetabolitesX andZ. Notably,thevariabilityof therecovery
fram adiposetissuewas higher (~8%) than for athertissues
(usually<5%).Similar resultswereobtainedfor humanandrat
tissues(Table 2).

Recoverybelow 100% (Table 2) may be dueto trapping of

drugsin theprotein pelletar incompleteextractionframtissue
particles. We tried ta differentiate betweenthesecausesby
comparisonof recovery when either the homogenatear the
acetonitrilewas spikedwith drugs. Essentially,no difference
wasnoted(datanotshown).

Homogenatesof hverandbrainofratstreatedwith tamoxifen
for 3 dayswerekept for 5 h at 4 ar 37’C. No degradationar
interconversionof tamoxifen and metaboliteswas observed
(datanot shown).

Distribution of Tnmoxifen and Metabolites into Tissuesof
Rats.Ratswere given tamoxifen p.a. for 3 days (femaleand
male rats)andfor 14 days(malerats).In all tissuesexceptfat,
essentiallythe sameamountsof drugswere faundafter 3 days
and 14 daysof treatment,suggestingthat steady-stateis ab-
tainedwithin 3 days(Fig. 2). Thecontentof tamoxifenand its
metabolitesin tissueswasordersof magnitudehigherthan in
serum. Assumingthat 1 ml of serumis equivalentto i g of

Table 2 Recovery oftamoxzfen and metabolites fram rat and human tissuea

Tissue

Recovery (%)

TAM
0 B BX X Z

Brain
Human
Rat

Adipose tissue
Human
Rat

103±1
85±3

73±10
85±9

102±3 110±5
100±8 103±2

94±9 102±5
69±12 108±5

107±2
86±1

83±lt
102±9

99±2
76±2

86±13
95±7

Lung
Human
Rat

Liver
Human
Rat

Kidney
Human
Rat

Testes
Human
Rat

88±3
96±8

89±4
89±4

87±1
85±7

86±3

89±4 87±3
103±3 106±3

99±3 81±5
81±7 109±5

89±1 83±2
71±5 103±1

69±3 92±t

89±3
94±3

86±4
87±4

99±2
88±3

84±4

89±4
87±4

79±2
80±7

98±2
78±3

77±4
Heart

Human
Rat

80±2
89±2

88±6 102±4
102±3 98±4

93±3
87±2

82±1
73±3

o Values are given as mean ±SDat6 replicates.
~TAM, tamoxifen.
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Fig. 2. Coneentrationsof tarnoxifen and ila metabolitesduring two dosing
intervals in varlaustissuesand serumatrats given p.a. dosesat tamoxifenfor 3
ar 14 days.Thetamoxifendosewas i mg/day/kgbody weight.For raebtissue
(serum), two sets at data are shown: at left, levels atter treatment during the
preceding 3 days; at right, levels after 14 days at treatment. Data are given as
mean± SEM.
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tissue,theratiosbetweentissueandserumlevelsfor tamoxifen
were in the range8 ta 70 for mast tissues.Especially high
concentratianswere detectedin [ung aud hver, intermediary
levelsin kidneyaudfat tissue,audloweramountsin brain(Fig.
2).

Within ane dasing interval, markedfluctuatians in tissue
cancentratiansof tamoxifenaudmetaboliteswereobservedin
rats receiving steady-state treatment. For example, the
Crn,~x:Cmin ratiosfor tamoxifenin femalelung and[iver were6.3
aud4.1, respectively.In contrast,minor fluctuatianswereab-
servedfar the tamoxifen levelsin fat tissueaudtesteswithin
anedasing interval (Fig. 2). In thesetissues,Cm,~,,:C~in ratias
for tamoxifenwere 1.7 and2.0, respectively(datanotshown).

The dernethylatedandhydroxylatedmetabaliteswereabun-
dant in most tissues,except in fat tissue,wheretamaxifenwas
thepredaminatingspecies.Ihe concentrationsaf thehydrox-
ylatedmetabalites(B audBX) audthedemethylatedmetabolitc
X wereespeciallyhigh in lung and[iver andkidney (Fig. 2),
whereasthehydroxylatedmetabolite BX was not detectedin
brain andadiposetissue.

Human Liver, Lung, Pancreas,Brain, and Adipose Tissue.
Liver andpaucreaswereabtainedfram two patients(MS aud
0W), brain framfaurpatients(RA, AN, BO, MS),audadipose
tissuefram sevenpatients.Lung tissuewasobtainedframonly
ane patient (MS). She had a distal obstructianof thesmall
intestine,which might have influencedthe enterahepaticcir-
culationof drug, audtherebytissuelevels(Table 1).

The concentratiansof tamoxifen and its metabaliteswere
particularly high in hver, [ung, audpancreas,aud somewhat
lower in brain. In those patientsfram whom serumwas ab-
tained,thetissuecancentratiauswere10- to 60-faldhigherthan
the serumcancentratians.Thesetissuescontainedsubstantial
amountsof thedemethylatedmetaboliteX, the concentration
af which aften exceededthat of the parent drug, but also
containedsignificantamauntsof the hydroxylatedspeciesB
audBX. A similar metaboliteprafile was observedin brain.
Ihe quantitativerelatiansbetweendrug aud metabolitesin
thesefissues,given in termsaftheratlo betweencoucentrations,
were aften1:1.2:0.2:0.05:0.01for tamoxifeu:X:Z:BX:B. Nota-
bly, adipose tissue accumu[ated tamaxifeu, aud ta a lesser
degreemetaboliteX, whereasauly minor amaliutsof thehy-
droxylatedmetabolitesB audBX cauldbedetected.In patient
AM (treatedfar 935days),themetabaliteX concentrationin
fat tissuewasrelatively high (Table 3). Thus, thetissuedistri-
bution of tamoxifeu aud metabolitesshawssimilarities with
that observedin the rat. Onedifferencewasnoted:metabolite
X seemedta be more abundantin humancamparedwith rat
tissues.

VarionsNonmalignantHumanTissues.Skeletalmuscle,post-
menopausalovary, audbreastglanduhir tissuealso contained
significantamountsaftamoxifenaudits metabolites.Wefaund
low concentratiaus,equa[iug thosein serum,in cortica[ bone
fram anepatient (BaE), aud in epidermal tissue fram two
patients(AM audRaE),but highercouceutratiansin skin fram
patientBiE, who hadbeentreatedwith tamoxifenfar 3.5 years
(Table3).

The[aw content in skin audcartical boue maybe relatedta
inefficient extractiouof drugsfram thesetissues,whereasthe
high [eve[sof tamoxifenin trabecularbanemay suggestthe
presenceof fat tissuein this specimen.

The quantitativerelationbetweeudrug audmetabohitesre-
sembiesthat reported abovefor human hver, pancreas,aud
brain(Table3).

HumanMalignant Tumors,Including BreastCancer.Tissue
samplesfram primary breastcaucerwere obtainedfram pa-
tientsBH audSR. Tamoxifeu(12,173ng/g)audmetaboliteX
(23,656ug/g) were extreme[y abundantin the specimenfrom
patientBH, i.e., 100 timestheconcentrationsfaundin serum.
The otherserummetaboliteswere presentin lower but signifi-
cautamounts(Table3).

The hydroxy[ated metabolitesB audBX elutedin front of
tamoxifeu, audtheir ideutitieswere caufirmedby liquid chra-
matography/massspectrometryby compariugretentiantimes
aud the (M+ 1 )~ ions (388 aud 374 m/z, respectively),with
thoseof authenticstandards.Oneadditionalpeakelutedin this
regianof thechramatogramaf breastcancertissue.Themale-
ria[ had an (M+ l)t jan af 388 aud may representanotker
hydroxylatedmetaboliteaftamoxifen,yetto beidentified(data
not showu).

Threemetastaticbreasttumors investigatedcoutainedhigh
conceutrationsaf tamoxifeu aud its metabalites,aud sa did
additionalthreemetastasesframbreastcaucerlocalizedwithin
brainauda metastasisfrom aclearcell carcinama(patientMS);
Oneprimarypaucreatictumor(from patient0W) wasaualyzed
audcantainedamountsof drugaudmetabolitessimilar to the
[evelsfaundin normalpaucreasframthesameindividual (Tab[e
3).

The quantitativerelationsbetweenthe compaundsin these
tumorswere similar to those abservedin most otherhuman
tissues.MetabohiteX wasthemostabundautspecies,followed
by tamoxifeu, Z, BX, aud B, in that arder (Table 3). The
pancreatictumarof patient0W wasan exceptionto this rule,
since it coutaiuedmore tamoxifen thau metabolite.This pa-
tient, hawever,had receivedonly twa dosesof tamoxifen,aud
steady-statehadnot beenobtained.

Tissue Levelsafter Tamoxifen Withdrawnl. We obtaineda
samplefram endometriumfram patientEB 28 daysafter ces-
sationof tamoxifeudosing.MetabohiteX, fo[owed by tamoxi-
fen,metabahiteZ, audBX, werepreseutin significautamaunts,
audthe tissue:serumratioswerehigh (>40) (Table 3).

Tissuesspecimens(fram lung, brain, pancreas,uterus,dua-
denum,ovary, audhea’-t) fram patient ED wereobtained 14
monthsafter stoppingtamoxifeutreatment.Traceamountsof
tamoxifeumetabolitesweredetectedwith therautineextractian
procedure. When the sampleswere extracted with hex-
aue:butauol(as describedin “Materials audMethods”)to en-
rich tamoxifenaudits metabalites,conceutrationsof tamaxifen
audmetabolitesB, BX, X, audZ up to 70 ng/g tissuecauldbe
detected.The himited amouutsof tissueavailabledid notallow
theoptimalizatiouaudverificatiouof theextractionprocedure,
aud more quantitativeestimatesof drug concentrationswere
not abtaiued.

DISCUSSION

Method.Extractiouof aqueoustissuehomogenatewith an
equal volume of acetouitrile gave 70 to 100% recavery of
tamoxifenaudderivativesaddedto thehomogenate(Table2).
Thesecampaundswerestablein theextracts,audthepossibility
of law recoveryaf drugs,preseutin the intact tissue in vivo,
seemsunlikely. Thus,thesimp[e procedureoriginally developed
far serumdetermination(27) cauldbe adoptedfor the deter-
minationafthe drugin tissues.

We cauld not determine metabolite Y in tissueextracts
becauseof interferencefram thesolventfront. MetabohiteV is
demonstratedin p[asmaframrataudhuman(28) (Fig. 2;Tab[e
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Table3 Distributionoftamoxifenanditsmetabolitesin tissuesandserum

Patient
Days at

treatment
Coneentration (ng/g)

RA 7

B BX

46 152
26 0

7 0 0

56 Endometrium
Serum

1,263 Metastasis’
Subcutaneous tat
Skin
Serum

249 Subcutaneous tat
Muscle
Skin
Corticalbane
Redbanemarrow”
Serum

371 Primary breast cancer
Subcutaneous tat
Serum

935 Metastasis’
Subculaneoustal
5km
Serum

7 Brain metaslasis’
Brain
Serum

180 Rrain metastasis’
Brain
Serum

227 Primarybreastcaneer
Breastglandulartissue
Subcutaneous tat
Serum

188 Brain
Lung
Ovary
Liver
Pancreas
Omentalmetastasis’

120 Subcutaneous tat
Serum

592 Metastasis’

464
7

1,458
1,674
1,082

122

1,920
1,338

164
386

2,474
116

12,173
2,376

94

4,536
2,718

300
154

1,457
854
40

1,283
1,491

118

1,611
3,390
1,777

115

3,462
4,662
1,656
6,834
5,628
4,980

426
21

12 83 2,139
0 0 0 52

29 342 1,824
5 0 173

22 178 1,153
5 2 14 153

175
5

474
5

244
29

4 6 456 126
5 48 702 192
0 13 117 22
0 11 385 70
0 8 819 197

2 1 12 180 39

168 1,134
8 18
3 0

23,656
893
210

14 63 2,532
10 33 2,016
0 13 283

4 1 2 280

32 67 2,189
16 43 1,382

1 6 0 48

67 82 1,910
46 143 2,898

30 3 24 216

16
0
0

6 4

164 2,519
0 625
0 372
6 823

41 115 7,080
38 116 11,484
24 91 2,958
89 155 14,988

106 261 10,320
37 123 8,436

0
0 0

2,104

0
0

102
53

36 226 3,600

7,322
201

53

465
390

30
42

86
68

4

336
552

42

606
114
73
55

1,326
2,322

432
3,126
1,788
1,206

4
5

872

0W 13 Omentaltat 918 0 0 20 0
Subcutaneaustat 392 0 0 21 0
Liver 1,286 27 61 1,235 109
Pancreas 571 11 0 340 14
Pancreaticcancertissue 768 10 6 55’? 26
Duodenalmucosa 208 0 13 154 0
Serum 20 0 0 0 21 0

“Assuming that 1 ml serumis equivalentto I gat tissue.TAM, tamoxiten.
b The chromatogramsaf thetissueextractscontaineda broadsolventfront wbicb prevenledthe determinationatmetaboliteV.
‘Metastasistrom breastcancer.
d Å mixtureattat, hemopoeticceils,andbanetissueineludingosteoblastsaudosteoclasts.
‘Clearceil carcinoma.

3). In rat, it hasless affinity far the estrogenreceptorthan
tamoxifenandexpressesestrogenantaganisticas well as agon-
istic properties(28).

MetabaliteE, whichis a tamoxifenmetabolitecleavedat the
etherhinkage,is not detectedby aur method.It is resolvedby
theHPLC methodof Langan-FaheyetaL (29), but they cauld
not detectthis compaundin serumfram their patients.By use
of gaschromatography/massspectrometry,traceamountshave
beendemonstratedin dogbile (16)andtentativelyidentified in
humanplasma(30). Theoccurrenceaf metaboliteE may beaf

sameimportance,since it hasbeenreportedto act as a pure
estragenagonist in rat andmause(31).

TissueDistribution in Rat andHuman.Ihe metabolicdispo-
sition of tamoxifenin rat resemblesthat in human,whereasin
niouse,metabohiteB is a major serxini metabolite.Therefore,
rats seemta be preferableto mice in studieson tamoxifen
metabohism(25) andwerechasenas anexperimentalanimal in
this study.

In rats, thehighest levelsof tamoxifen andits metabolites
wereobservedin [ung and[iver, followed by fat, kidney, and

Sample

Brain metastasis’
Brain
Serom

TAMe

1,332
882

78

x
2,250
1,242

142

z
126
64
11

EB

BIE

BoE

BH

AM

AN

BO

SR

MS

TS

RT
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uterus. The tissue [eve[s were 8- ta 70-fold higherthan the
carrespandingserumconcentrations,assumingthat i ml of
serumis equivalentta i g of tissue(Fig. 2). A similar tissue
distributionwasfaund in patients(Table 3) andhaspreviously
beenrepartedfor radioactivetamoxifengiven i.v. in mice (17).
In tissuesandserumframboth ratsandhumans,tamoxifenar
metaboliteX wasUte prevailing species,whereastheamounts
af metaboliteZ andthehydraxylatedmetabolites(B andBX)
wereIower.Adiposetissuecontainedhigh cancentrationof the
parentdrugandlawconcentrationsofmetabalites(Fig. 2; Table
3).

Thereweredifferencesin themetaboliteprofile betweenrat
and human.In rat tissues,the amaunt of the hydroxylated
metaboliteB equaledar aften exceededthat af hydroxy[ated
rnetaboliteBX (Fig. 2), whereasmetaboliteBX wasthemast
abundanthydroxylatedspeciesfaund in humantissues(Table
3). In brain and fat tissue,metaboliteBX was occasionally
detectedin humansbut not in rats (Fig. 2; Table 3). The
demethy[atedmetaboliteX was abundantin human tissues,
wherethecancentrationaftenexceededthatof tamoxifenitself.
In contrast,in rat tissues,tamoxifen was the mastabundant
species.Our resultsarein agreementwithearlier reportson the
abundanceof metaboliteX and tamoxifen in human p[asma
andtissues(23, 24). They also estab[ish a differentmetabolic
fateof tamoxifenin tissuesframrat andhuman,which in turn
maycausedifferent pharmacodynamics.

Tissue DistributionandPharmacokinetics.The apparentdis-
tributionvolume (Vd) for tamoxifenin humansis abaut50 ta
60 liters/kg (6), which indicatesthat most drug (99.9%) is
presentin peripheralcampartments,suggestingextensivetissuci
binding.Thisestimateissupportedby thefinding in thepresent
paperdemonstratinga ratio rangingfram8:1 to 70:1 between
thecancentratiansin tissuesandserum.A distribution volume
of 50 liters/kg correspandsto a mean(overall) tissue:serum
ratio of abaut50. Suchpharmacokineticfeaturesare typical far
highly lipophilic, basicdrugs(32) like tamoxifenandmay also
be related to the lang half-life of tamoxifen in man (21) and
experimentalanimals(25).

Rabinsonet al. (25) faundthat the concentrationof tamaxi-
fen in tissueswasmorethan 100 timeshigherthan in plasma.
They gave rats tamoxifen daseswhich were 200-fald higher
than thoseusedin the presentstudy. A dasedependentphar-
macokineticsshouldbe considered.

Theserumlevelsof tamoxifenwereaftenbelawthedetection
himit of the assay.This agreeswith previousreparts, where
higherdosesweregiventhan thaseusedby us, andtamoxifen
wasnot detectedin plasmafram miceand rats (14, 1k).

Tamaxifenandits metabolitesareextensivelybaundto var-
iaus tissues(Fig. 2; Table 3), andthis may accauntfar large
peripheral pharmacokineticcompartments.Thesecampart-
ments,ara majorportion thereof,are probablyin equilibrium
with p[asma, becausein mastrat tissues,theconcentrationsof
tamoxifen and its metabolitesfluctuate in parallel with the
p[asma levels during ane dose interval. Furthermore,in hu-
mans,themetaboliteprofile in serumresembiesthat abserved
in tissues(Table 3),and this seemsta be thecasein rats (Fig.
2)

In rat adiposetissue, the fluctuationsin the tamoxifenand
metaboliteconcentrationsduring anedosingintervalwere less
thanthaseobservedin athertissuesaf the rat. Tamaxifenwas
the predaminatingspecies;only smallamauntsaf thedemeth-
ylatedmetabolites(X and Z) andthe hydroxylatedmetabolite
B were observed.The hydroxylatedmetaboliteBX was not

detected(Fig. 2). Similar findingsweremadeinhumanadipose
tissue,exceptthatmetaboliteX was relatively moreabundant
(Table3). Thesefindingsmaybe explainedby slowdistribution
aftamoxifenintafat tissue,wherethis lipophilic drugpartitions
inta hipid dropletsandis preserveddue ta [ow activity of drug
metabolizingenzymes.Thus, adipasetissuemay representa
“deep”peripheralcompartment(33),whichmaysequesterdrug
during treatmentandafterdrugwithdrawal.In postmenapausal
women,fat tissuemay represent25 to 50% of totalbody mass
(34), indicating the quantitativeimportanceof such a drug
depot.

In patientED, we caulddemonstratesignificant amountsof
tamaxifenandmetabolitesB, BX, X, audZ in [ung,postmen-
opausalovary,heart,andduadenalwall tissue14 manthsafter
tamoxifenwithdrawal.Suchresidualdruglevelsin tissuesmay
partlyberelatedto replenishmentframa “deep”compartment.

Determinantsof DrugRetentionin Tissues.In general,blaod
flow and lipid contentare important determinantsof tissue
distribution of lipophilic campaunds(35). Tamoxifenand its
derivativeswould also be expectedta partitianinta the hydro-
phabicdamainsof thecell membrane.

Lungcontajaedthe highestamountsof tamoxifenanå its
metabalites(Fig. 2),aud thesecompaundsadd to certainlipa-
philic basicamineswhich havebeenshownto accumulatein
[ungtissues(36). Binding sitesfor basicdrugsin [unghavenot
beenidentified,buttheretentionmay be relatedto interactian
with phosphalipidsthat are canstituentsof the pulmonary
surfactant(37).

Tamoxifenand,to a greaterextent,samehydroxylatedme-
tabolitesbindwith highaffinity to estragenreceptorpresentin
targettissues,like breasttissue,uterus,andendametrium(5).
The low capacityaf the receptarsites(38) makesit unlikely
that suchbinding may totally accauntfor the largeamountsof
tamoxifenandmetabolitesdetectedin breasttumaraf patient
BH andatherpatientsand in mammarytissueof patientSR
(Table3).

Large amountsof tamoxifenwere alsarecaveredfram drug
metabolizingtissueslike [iver and kidney (Fig. 2; Table 3),
which alsowererich in thehydroxylatedmetabolitesBandBX.
Tamaxifenbinds to so-called“antiestrogenbinding sites” (39)
which may be associatedwith the drug metabolizingenzyme
systemin the [iver (40). Otberacceptarsfar antiestrogensare
protein kinase C, calmodulin andcalcium channels(41, 42),
muscarmnicreceptorsand receptarsfor histamineandneuro-
transmitters(42), andmembranelipids (43).

TissueLevels in Relationto Clinical Use.We detectedhigh
concenti-ationsof tanioxifenand inetabolitesin primary and
metastaticbreastcancer.This is of abviousrelevanceta the
clinical response,and in agreementwith the finding of Daniel
et al. (23). The therapeuticeffect in breastcaneermaynot be
mediatedsolely through interaction with estragenreceptar,
since 10% of estrogenreceptornegativetumars respondedto
tamaxifen(44, 45). Hawever,estragenreceptorindependent
cytotoxic effects af tamoxifen havebeendemonstratedin in
vitrostudies.Thesemaybeoperatingatthehighconcentrations
of tamoxifendetectedin tissues.

The observationin the presentstudythat tamaxifenmetab-
alitesmayberetainedfar severalmonthsafterdrugwithdrawat
may haveconsequencesfor subsequerittreatmentregimens.
Cross-overdatafram randamizedtrials of breastcancertreat-
mentindicatethat thehighestoverallresponserateis abtained
if tamoxifenis usedas a first-line drug (46), andpatientswho
relapse after adjuvant tamoxifen treatmenthavea lower re-
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sponserateto tamoxifenanda shortermediantime ta disease
progressianthana controlgraupthathasnotreceivedadjuvant
endacrinetreatment(47). It is conceivablethat pralongedex-
posureta low levelsaftamoxifenmaysustainarproducetumor
cellsresistantto tamoxifen.Finally,antiestragensmay interfere
with theradioligandbindingassayforestrogenreceptaractivity,
the resultof which may be of importancefor the selectianaf
subsequenttreatmentregimens.

Tamoxifenandmastmetaboliteswere presentin brain fram
ratandhuman(Fig. 2; Table3). In ratbrain, fluctuationswere
observedduring anedosinginterval, and the variationsparal-
leled the serumconcentrationcurve (Fig. 2), suggestingthat
tamoxifenreadilycrassestheblood-brainbarrieranddistributes
readily into normal brain tissue.In human,tamaxifenandits
metaboliteswere presentin equalar evenhigheramountsin
cerebralmetastasiscomparedwith normal brain tissue(Table
3) (48). Thereare only sporadicrepartson theeffectivenessof
tamoxifenagainstbrainmetastasisframbreastcancer(49—51),
andaur findings shouldencouragefurther studiesto evaluate
therespanseta tamaxifen.

A tissuesampleframpancreastumarwas obtainedframane
patient (0W), who hadreceivedonly twa dosesaftamoxifen
before tissuesampling. The concentrationsaf tamoxifen and
metaboliteswere higher than in normal pancreasand ap-
proachedthoseobservedin hver (Table 3). Becauseestrogen
receptoractivityhasbeenfaundin humanpancreaticadenocar-
cinoma(52, 53), tamaxifentreatmentwas tried in pancreatic
carcinoma,butconflictingresultswereobtained(3). High tissue
level mayproducebothanestrogenreceptordependentandan-
independentkill of cancercells (48), anddifferentdosingregi-
mensshouldbe tested.

The observatianthat tamoxifenandmetabolitesare present
in banefram patientsdeservesattention,sinceestrogensmay
play aralein themaintenanceaf banedensity,possiblythrough
theinteractionwith estragenreceptarin osteoblasts(54>. Ta-
moxifen hasestrogen-hikeprapertiesin banetissues(55) and
seemsto reduceratherthanpramatepostmenopausalbane[ass
(56).

SummaryandConclusion.Tamoxifenand its metabolitesare
extensivelydistributedinto rat andhumantissues,carrespand-
ing to a tissue:serumconcentrationratia in the range8 ta 70,
and consistentwith a high distribution volume of the drug.
High concentratianswere detectedin lung and hver,but sub-
stantialamauntsof drugwerealsofaundin brainand fat tissue
and in severalother normal and mahignanttissues.Tissue
kinetics in rat andsimilar metaboliteprofiles in most tissues
suggest an exchangeof tamoxifen and metabohitesbetween
most tissues,andbetweenserumand tissues,including brain.
In cantrast,fat tissuecantainslaw levels of metabolitesand
seemsto sequestertamoxifen; it may function as a “deep”
campartment.Dataon distribution of tamoxifenandmetaba-
litesshauldinfluencethedesignafchemotherapeuticregimens,
forexamplefor thetreatmentof brain metastases.
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