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Brief communication

Tamoxifen metabolism is altered by simultaneous administration of
medroxyprogesterone acetate in breast cancer patients

- Angus D. Reid, Jean M. Horobin, E. Luke Newman and Paul E. Preece
Dept. of Surgery, University of Dundee, Ninewells Hospital and Medical School, Dundee DD] 9SY,

Scotland, UK
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Summary

We have measured the levels of tamoxifen and three of its metabolites in the blood of patients receiving
tamoxifen alone or combination therapy with tamoxifen and medroxyprogesterone acetate. Our results
indicate that addition of the progestogen significantly alters the metabolism of tamoxifen over a six-month
penod. We suggest that the interaction between these drugs may involve additional sites (probably hepatic)

besides the desired target tumour.

Introduction

Endocnine manipulation with the anti-oestrogen
tamoxifen is capable of causing beneficial effects
in at least one third of breast cancer cases (1, 2]. Its
safety and efficacy have made it a widely used
first-line therapy for locally advanced and dissemi-
nated breast cancer in post-menopausal women.
The mode of action of tamoxifen is still not entirely
clear; some of its effects are oestrogenic. For ex-
ample, it causes induction of the progesterone re-
ceptor in breast tumours [3, 4]. Since progesto-
gens, particularly in high doses, can inhibit the
growth of breast cancers, the possibility arises of a
synergistic effect between these agents and tamox-
" ifen. . :

To test this possibility, a trial of tamoxifen alone
versus combined tamoxifen/medroxyprogesterone
acetate (MPA) therapy has been set up in our hospi-
tal. Tamoxifen is extensively metabolized, and de-
methylated and hydroxylated derivatives can be
detected in the blood of treated individuals (5, 6).

As their potency may differ from that of the parent

compound {5], we set out to study the effect of the
simultaneous administration of MPA on the pat-
tern of tamoxifen metabolism in our trial patients.

Although itis too early to say whether combined
therapy has any clinical advantages, it is already
clear that MPA perturbs the metabolism of tamoxi-
fen. In other words the two drugs are indeed inter-
acting, but at other sites in addition to the tumour
target. '

Methods
Patients

20 post-menopausal women presenting with stage
I1l or IV disease and ineligible for surgery were
entered in the trial, for which consent had been ob-
tained from the local Ethics Committee. All re-
ceived tamoxifen (Nolvadex 20mg bd) for two
weeks before being randomised to receive tamoxi-
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Fig. 1. Serum levels of tamoxifen and its metabolites. O—Q tamoxifen, % —* desmethyltamoxifen, A—4A desdimethyltamoxifen. 1—Q metabo-
the Y. Forthe TAM/PLA group (- MPA), eight or more data values were available at each time point. For the TAM/MPA group (+ MPA), four values

were available at the 2 week time point and six or more at the others. The bars represent the standard errors of the means. For clarity. only one half of
each bar is shown, and where the bar was smaller than the symbol it has been omitted completely.

fen plus placebo (TAM/PLA) or tamoxifen plus
MPA (Farlutal 500 mg bd) (TAM/MPA).

There were no significant differences in age dis-
tribution between the two groups (TAM/PLA
mean age 70y, range 57-79; TAM/MPA mean age
74y, range 58-87). Two of the TAM/PLA and 4 of
the TAM/MPA patients had stage I1I disease, the
remainder having stage IV cancer.

Drug analysis

Blood samples were taken at2 weeks (i.e. immedi-
ately before randomisation), 6 weeks, 3 months,

and 6 months. Serum was separated and stored at

~70°C before assay. For tamoxifen analysis,
100! was mixed with 100 ul acetonitrile contain-
ing clomiphene as an internal standard, centni-
fuged, and injected onto the HPLC column. HPLC
was carmmed out on a Waters Resolve C, radial com-
pression cartridge eluted with SO0mM octane sul-

phonic acid in a mixture of 85% acetonitrile and
15% 10 mM potassium phosphate pH 3.0 at a flow
rate of 2ml min”'. Fluorimetric detection after
post-column UV photocyclisation [7} was em-
ployed.

Levels of tamoxifen, metabolite Y, desmethyl-

tamoxifen, and desdimethyltamoxifen were calcu-
lated with the aid of computerised data collection
and peak integration. Levels of 4-hydroxytamoxi-
fen, although detectable, were too small for any
meaningful comparisons to be carried out. Results
are expressed as mean values, and differences have
been analysed for statistical significance using
Wilcoxon's rank sum test.

Results

In the TAM/PLA group, levels of the unmetabo-

lized drug had clearly stabilized after 2 weeks of
administration (Fig. 1). However, the metabolites
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Fig. 2. Metabolite/tamoxifen ratios. The levels of the three metabelites measured have been divided by the level of parent tamoxifen at each time
point and for each patient. Each pair of bars represents the mean values in the TAM/PLA (-) and TAM/MPA (+) groups (ervor bars represent the
standard crrors of the means). Asterixes denote values in the TANY/MPA group that are significantly lower than the corresponding values in the
TAM/PLA group (p< 0.05, Wilcoxon rank sum test). DMT, desmethyltamoxifen: DDMT, desdimethyltamoxifen; Y, metabolite Y.

continued to accumulate, only reaching plateau
values after 3 to 6 months. The demethylated com-
ponents were the major species (Fig. 1).

A qualitatively similar picture was observed in
the TAM/MPA group, though the magnitudes of
the changes were considerably reduced (Fig. 1).
However, the starting levels of tamoxifen (i.e: be-
fore the randomisation to receive MPA) were also
lower in this group, making direct comparison dif-
ficult. To correct for this inter-group difference, the
metabolite levels were recalculated as a ratio to the
tamoxifen.level at the same date for each patient.
These data are shown in Fig. 2. It is clear that des-
methyltamoxifen levels are significantly higher at
6 weeks and three months in the TAM-PLA group
than in the TAM/MPA group. The difference in
desdimethyltamoxifen levels also reaches statisti-
cal significance at 3 months. At 2 weeks (before
randomisation) and at 6 months, there are no sig-
nificant differences in tamoxifen metabolites be-
tween the two groups (Fig. 2).

For four patients in the TAM/PLA group and
two in the TAM/MPA group, the complete time se-
ries of metabolite levels was available. We calcu-
lated the areas under the concentration curves for
each metabolite and patient. In each case, the val-
ues in the TAM/MPA group fell within the corre-
sponding range of values in the TAM/PLA group
(data not shown). The number of patients is 100
small to allow any definitive conclusion. However,
there is no clear difference between the two groups
in cumulated amounts of metabolites over the 6
month period.

Discussion

Although serum levels of tamoxifen itself appear
to reach a steady state within 2 weeks of starting
treatment, it is clear that its metabolism continues
to evolve over the next 6 months. In particular, the
demethylating pathway only reaches peak activity
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after 3 months administration. The simultaneous
administration of a structurally unrelated com-
pound, MPA, inhibits the rate of plasma accumu-
lation of some tamoxifen metabolites, though after
6 months a new steady state appears to be reached
in which MPA no longer has this effect.

The starting levels of tamoxifen were lower in
the TAM/MPA group, even though this was before
administration of the progestogen. It is possible
that this arises from this group having more pa-
tients with stage IV disease, but further investiga-
tion will be required to resolve this issue.

The demethylated metabolites of tamoxifen are
generally accepted to be of lower pharmacological
potency than the parent drug. Levels of tamoxifen

- itself were not changed by the addition of MPA,

suggesting that overall elimination of the com-
pound had been diverted into another pathway than
demethylation, rather than merely reduced. Data
on the effects, if any, of this temporary diversion on
clinical outcome are awaited. However, the possi-
bility that drugs may interact at sites other than and
in addition to their presumed target appears to be
real, and must be taken into account in any similar
study.

i—
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Decreased Serum Concentrations of Tamoxifen and Its Metabolites Induced by

Aminoglutethimide’

Ernst A. Lien,? Gun Anker, Per Eystein Lonning, Elnar Solheim, and Per M. Ueland
Department of Pharmacology and Torxicology [E. A. I, E. S[: Clinical Pharmacology Unit, Department of Pharmacology and Toxicology (P. M. U.J; and Department

of Oncology [G. A., P. E. L], Unirersity of Bergen, N-5021, Bergen, Norway

ABSTRACT

The antiestrogen tamoxifen and the aromatase inhibitor aminoglute-
thimide show similar response rates when used in the endocrine manage-
ment of advanced breast cancer. [However, numerous clinical triafs have
demaonstrated no Increase In response rate (com treatment with the drug
comblination of tamoxifen plus aminoglutethimide, We invextigated the
possibllity of 2 pharmacokinetic Interaction between these two drugs in
six menopausal woman with breast cancer. All patients were investigated
under three differcent condltions (termed phascs A, B, snd C). The stcady
state kinetics of tamoxifen were determined whea adminlstered alone
{phase A) and after coadministration of aminoglutethimide for 6 weeks
(phase B). In phase B, the pharmacokinetics for aminoglutethimide were
dctermined and compared with these parameters afltcr a tamoxifen wash-
out of 6 weeks (phase C). The serum concentration of tamoxifen and
most of Its metabolites {{trans-1(4-8-hydroxy-ethoxyphenyl)-1,2-diphen-
yibut-1-enc}, 4-hydroxytamoxifen, 4-hydroxy-N-desmethyltamoxifen, N-
desmcethyltamoxifen, and N-desdimethyltamoxifen} were markedly re-
duced following aminoglutethimide administration, corresponding fo an
increase in tamoxifen clearance from 189-608 mi/min. The amount of
most metabolites In serum Increased relative to the amount of parent
tamoxifen. These data are coasistent with Induction of tamoxifen metab-
olism during aminoglutethimidc exposure. We found no effect of tamox-
ifen on aminoglutethimlde pharmacokinctics or scetylation. We conclude
that this aminoglutethimide-tamoxifen lnteraction should be taken Into
account when evaluating the clinlcal effect of this drug combination
relative to monotherapy.

INTRODUCTION

The growth of human breast cancer is supported by endoge-
nous cstrogens (1. 2). Tamoxifen and aminoglutethimide are
drugs currently used in the endocrine management of breast
cancer, and they probably act by suppressing the growth-stim-
ulating effect of cstrogens (2-4).

Tamocxifen {trans-1-(4-8-dimcthylaminocthoxyphenyl)-1,2-
diphenylbut-1-ene} is a nonsteroidal antiestrogen which is ef-
fective against hreast cancer in both pre- and postmenopausal
wamen. [t is assumed to excrt its main effects by blocking the
action of cstrogens at the receptor site (4). Tamoxifen under-
o Aavtamaiin bhamattin cmatabalicseme am : oo eenbabalitan
BYUTP CAILII2I L I pUten 1L ABLILIIDIIey MAIL 308 Tatail L CULAIILD
formed by N-demethylation are the main circulating species.
Significant amounts of hydroxylated metabolites, including the
primary alcohol, 4-hydroxytamoxifen, (4) and 4-hydroxy-N-
desmethyliamoxifen (5) have also been demonstrated in serum.
This may be important since some hydroxylated metabolites
have higher aflinity in vitro toward the estrogen receptor than
the parent drug, tamoxifen (6-9). Thus, biotransformation of
tamoxifen may be an important determinant of drug action.
Known metabolites of tamoxifen formed through demethyla-
tion and hydroxylation are depicted in Fig. 1.
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Aminoglutethimide inhibits the enzyme aromatase, which
converts androgens to estrogens in peripheral fat tissue (3).
This conversion is the main estrogen source in postmenopausal
women. In addition, aminoglutethimide may rcduce the con-
centration of plasma estrogens by enhancement of estrogen
metabolism (10, 11). Aminoglutethimide causes response rates
in postmenopausal breast cancer palients similar to those of
tamoxifen, but because of more frequent side effects aminoglu-
tethimide is generally used after tamoxifen as a second linc
endocrine treatment (12).

Combination therapy with tamoxifen plus aminogliutethi-
mide should afTord both estrogen receptor blockade and reduced
plasma estrogen levels, and because of different targeting of
these drugs the combination is expected to be moic effective
than monotherapy. This possidility is supported by studies on
human breast carcinoma transplanted into nude mice (13), but
the results from clinical trials have been disappointing (14-19)
since they all show that the response to tamoxifen is not
augmented by adding aminoglutethimide (Table 1).

The rcason why the response rate is not increased with
combination therapy has not been evaluated. A pharmacoki-
nctic interaction should be considered, especially because ami-
noglutethimide is a potent inducer of cenain hepatic mixed
function oxidases and enhances the metabolism of several drugs
and steroids (10, 20, 21). In addition, tamoxifen might influence
the disposition of aminoglutethimide, Tamoxifen is a potent
inhibitor of some mixed function oxidases in vitro (22) and may

* inhibit its own metabolism (23-25) as well as the metabolism

of other drugs (26-28).

In the present paper we describe the effect of aminoglutethi-
mide on the disposition of tamoxifen in patients receiving
steady state tamoxifen treatment. We also report that tamoxifen
does not affect aminoglutethimide disposition. The investiga-
tion was motivated by the large number of clinical studies of
the combination therapy (Table 1) and also by preliminary
indings suggesting that aminoglutethimide alters serum levels
of tamoxifen and its metabolites.?

MATERIALS AND METHODS

Patients. All patients gave their informed consent to participate in
the study. Six postmenopausal women were enrolled. All of them had
sdvanced breast cancer relapsing during tamoxifen therapy and were,
therefore, transferred to an aminoglutethimide regimen. Patient char-
acte. istics are given in Table 2. All patients had normal liver and renal
function tests. One patient (K. N.) did not enter the final part of the
study (phase C) because of rapidly progressing disease.

Chemicals. Temoxifen, metabolite B, and metabolite X were obtained
from Pharmachemie B.V. (Haarlem, Holland) and metabolites Y, BX,
and Z were gifts from Imperisl Chemicsal Industries, PLC, Pharmaceu-
ticals Division (Macclesfield, United Kingdom). Aminoglutethimide
and A-acetylaminoglutethimide were gifts from Ciba-Ceigy (Basel,
Switzerland).

Study Protncol. The study protocol was approved by the regional
cthical committze.

20" Rote snd E. A. Licn, unpublished data,
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Fig. 1. Proposed mctabolic pathways of tamoxifen.

Table 1 Trials comparing tamoxifen monotherapy with the combination of tamoxifen and aminoglutethimide in Breast cancer patients
Response rate
CR + PR
Drug”® © Dosc (mg) n . % Ref.
TAM 10 b.id. 18/60 30 14
TAM 10 b.i.4. 23/62 »
AG ) 250 q.i.d.
" 20 b.i.d.
TAM 10b.i.d, o : 3 15
TAM ~1obid S 41 36
AG 250 q.id.
H 20 b.id.
TAM 10b.id. $/26 19 16
TAM 10bid. 6/26 23
AG 250 q.id.
H 10 bid.
TAM 10 b.id. 21749 43 17
TAM: 10 bid. 25/51 9 '
AG 250 q.l.d.
" 10+ 10+ 20
TAM 10Lid 32/94 34 ’ 18
TAM 10 eld. 24783 29
AG 250 q.id. -
H 20 old. :
TAM 20014, 134 3] . 19
TAM 20014, 11729 k1]
AG 250 q.l.d.
H 10 + 10 + 20 .
* CR, compicte responsc; PR, partial response; a, number of patfentss TAM, tamoxifen; AG. aminoglutcthimide: H, hydrocortisane.
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Table 2 Patlent characteristics and drug treatment

%
|
|

Treatment
Tamoxifen*
Duration of
treatment :
Age belose en- Aminoglutethimide’

Paticat {yt}  trance (mo)  Dose {mg) dose (mg)
A K, 66 66 30 qd. 250 q.l.d.
LL L2 . 4] 30 q.d. 250 e.l.d.
M. H. 60 4t 20 qd. 250 q.l.4.
0.1l 62 6 30 q.d. 250 q.ld.
w.aN a7 b1 30 id. 250g.l.6.
M. F, 60 18 80 q.d. 250 q.l.d.

* Phascs A and B.
* Phascs B and C.

Tamoxifen and aminoglutethimide pharmacokinetics were evaluated
under three dilferent conditions, termed phases A, B, and C. Drug
doscs arc given in Table 2.

Phase A refers to chronic (>6 months) treatment with tamoxifen
given as a single agent. Tamoxifen kinctics and serum Jevels of its
metabolites were determined. For the last 3 days prior to sampling,
tamoxilcn was given daily at 8 a.m. to all paticnts after overnight
fasting except patient K. N. who received 30 mg ti.d.* st strict 8-h
intervals. On (he day of investigation, tamoxifen was given at 8 a.m.
Blood samplcs were drawn 0, 0.5, 1,1.5,2,3,4,6,9.12,15,and 24 h
after the last dose.

Phase B is afier treatment with the combination of tamoxifen plus
aminoglutethimide and cortisonc acctate at fixed doses for 6 weeks.
Each paticnt reccived the same dose of tamoxifen as-during phase A.
Aminoglutethimide (250 mg q.i.d) was given with cortisone acetate (50
mg b.i.d for 2 weeks: thereafter 25 mg b.i.d.) as recommended (29).
Cortisone acctate is combined with aminoglutethimide treatment be-
cause aminoglutethimide blocks the adrenal steroid synthesis (20).

During the tast 3 days belore ampling, tamaxifcn was given as in phase.

A. Aminoglutethimide and cortisone acetate were given at strict 6- and
12-h intervals, respectively. On the day of blood sampling, all drugs
were given at § a.m. after overnight fasting. Then, cortisone acetate
was givén after 12 h, and tamoxifen was given after 24 h, but amino-
glutethimide was withheld for 48 h. The sampling schedule was as
described foe phase A with additional samples obtained at 36 and 48 h
to allow for determinations of aminoglutethimide half-life.

Phasc C is 6 weeks after cessation of tamoxifen therapy. During this
period the patients were treated with aminoglutethimide and cortisone
acctate only. The kinetics of aminoglutcthimide were determined as in
phase B.

Blood samples were obtained by venous puncture. E:ch sample was
allowed to clot for 30-60 min prior 1o centrifugation. Serum was
removed and stored at —20°C until analysis. To eliminate between-day
variations in the analysis, all samples from each patient were analyzed
in the same run.

Daterminstion af Tamaxifen and Itx Metahalites. We used a modifi-
cation of « high performance liquid chromatography assay described
previously (30). The method and the modifications are as follows.
Samples of 250 ul of serum deproteinized with acetonitrile were post-
columa on column concentrated on & small precolumn (0.21 x 3 cm),
packed with $ um ODS material. The analytes were then directed into
an analytica! ODS Hypersil column (0.21 x 10 ¢m) by elution and
column switching. The mobile phases and other details have been
described previously (5. 30). Tamoxifen &nd lts metabolites were post-
column converted to fluorophors by UV illumination while passing

“ The abbreviations uscd are: t.id.. 3 times/day; q.Ld., 4 times/day; b.id, 2
times/dsy: q.d_. 1 tlme/day; CV, cocfliclent of varistion; ODS, octadecylsitanc:
mctabolite Y, {trans-1(4-2-hydroxyethoxyphenyl)-1.2-6Iphenyibut-1-enck metab-
olite B, 4-hydroxytamaxzifcn: metabolite BX, 4-hydroxy-N-desmethyltamoxifen:
metabolite X, Ndesmethyltamoxifen; metabolite Z, N-desdimethyltamoxifen;
LC/MS, liquid chromatography/mass spectrometry; HPLC, high performance
liquid chromatography; CL, total body clearsnce; AUC, ares under the concen-
tration-time curve; Co. maximum concentration during one dosing interval;
C . minimum concentration during onc dosing laterval; M, the malecular fon;
m/z, the mass to charge ratlo.

through a quartz tube and then monitored by Ruorescence detection
(30).

The withir. day precision (CV) of the assay for tamoxifen and lts
metabolites Y, B; X, and Z were 0.6-5.6% for serum levels between 10
and 800 ng/ml. Because our standard for metabolite BX is & mixture
of the cis and frons isomers (5), the CV was not determined for this
mectabolite.

Determination of Aminoglutethimide and N-Acetylaminoglutethimide.
Serum was deproteinized using a mixture of acetonitrile and perchloric
acid. The samples were chromatographed on 8 3-um ODS Hypersil
column, which was cluted isocratically as described previously (31).
‘The absorbance was routinely recorded at 242 nim,

The CVs for aminoglutethimide and N-scetylaminoglutethimide at
a concentration of 0.5 xg/ml are 3.9 and 2.6%, respectively.

Identificatlon of Metabolite BX by LC/MS. For patient K. N, all
serum samples from phase A and all samples from phase B were pooled
in separate tubes. Ten mi from each pool was extracted with 10 volumes
of hexane/butanol (98/2, v/v). The supernatant was cvnponted in
plastic beakers at 55°C under nitrogen, redissolved In | ml 50% aceto-
nitrile, and centrifuged. The supernatant was transferred to sample
vials, capped, and snalyzed. The analytical column was connected (0 &
LC/MS thermospray system (model 201; Vestee, Houston, TX). Refore
entering the lhcn'nospny. the eMuent from the column was mixed with
0.1 M ammonium acetate, delivered at a rate of 0.3 m!/min via & zero
dead volume T-conncctor. The flow rate of the HPLC system was 0.7
mil/min.

Pharmacokinetic Calculations. The area under drug concentration-
time curve during steady state corresponding to one dose interval was

calculated, using the trapezoidal rule (32). Clearance was calculated by
the formula:

F-D
Clm v ()

where F is the fraction of the dose (D) absorbed, and AUC is the area
under the concentration-time curve cortesponding to one dosing inter-
val during steady state treatment (33). For aminoglutethimide, F is
close to 1 (34). For tamoxifen, the value for F is unknown in humans,
but Fis close to 1 in animals (35). Because there is indirect evidence of
good absorption in man (24), we assumed an F value equal to 1 in all
patients under all conditions investigated (phases A and B).

The fraction of drug converted to the metabolite (f,) is given by the
equation (32):

fom AUC g Cl gy
" " AUC gy Clo (B)
where AUC . and AUC,,,, are the area under the serum concentration-
time curve for the metabolite and drug, respectively. Cl.. is the clear-
ance for metabolite, and Cl,, is the clesrance for the parent drug.
Rearrangement of equation B gives:

AUC... -1 Cl.... .
AUCL, '™ ©
A formula expressing the relationship between AUC.., and Jfa and
Clos was obtained by combining equations A and B:
ay)
AUC o= f. D)

Statistical Methods. The Wilcoxon signed rank test for paired data
was uscd to compare the tamoxifen pharmacokinetic parameters ob-
taincd in phases A and B and aminoglutethimide parameters in phases
B and C, P values were always expressed as two tailed,

RESULTS

Effect of Aminogiutethimide on Tamoxifen Kinetics and Me-
tabolism. We comparzd the steady stute*pharmacokinetics and
serum metabolite concentrations of tamoxifen given as a single
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INTERACTION BETWEEN TAMOXIFEN AND AMINOGLUTETHIMIDE

Table 3 Effect of aminoglutethimide treaiment on 1amoxifen pharmacokinetics

Tamoxrifcn Metabolite Y

Metabolite B

Metsbolite BX Metabolite X Metabolite Z

Patient Aminoxlulﬂhimidc'a.‘ Cof AUC?! Cue Coee AUC CorCon AUC CoriCon AUC Cues Cauw AUC  Cari Cunn  AUC

ALK, - 1ny % 1181 24 1Y M4 4 3} 62 n 6 19 207 141 3804 23 12 37
+ 0 2} 767 19 7 17 LI B ) | 9 2 17 121 78 2061 18 8 M
~/+ 23 19 ) 1Y 9 12 1330 15 1230 16 17 18 18 LY 15 14
L - 160 93 2647 181 6 194 10 4 129 £ 3 19 264 170 4548 40 20 630
+ 65 24 770 13 4 119 6 2 6} o o [ 9S &4 1909 15 s 28
~/+ 28 39 34 14 1S 16 1720 20 28 27 24 27 40 26
M., - 29 104 2929 | 3 ) 42 1R 10 2 L 18 - MR8 0 32 12 6vy
+ g1 36 1052 7 ! L] 14 10 248 o 0 o 1?7 17 2078 1) 7 230
-/+ 28 29 2.8 t.1 1.0 08 1LY 1.0 1} 26 1.8 1.8 28 17 2.7
Bt - 433 212 1778 R Y LI b 2 0 1 62 33 1166 379 268 71518 62 38 1204
+ 128 43 1494 3 6 N o 0 0 J o 2 160 86 2432 3 9 7
-(+ ds 48 52 27 1S 20.7 583 24 131 R A ] 1.9 42 3
K. NS - As6 279 7848 159 112 3208 21 12 409 64 45 1302 1100 %60 23277 231 164 4627
+ 93 63 12 R} 841831 s 4 o4 9 0 150 333 240 671 100 62 1849
~/+ M8 44 42 19 21 21 4230 44 7.4 8.7 33 e s 23 26 258
AL F, - A2} 14y 4728 160 61 27t Y o0 3 74 13 7170 647 423 12588 109 63 1832
+ 162 M1 1548 522 K4S 0o 0 0 0 361 178 S484 78 28 1096
~/+ 20 46 1O 21 2R 2.6 1.0 0.9 ) 1R 24 2.3 1.4 23 1.7
Mlean - 269 150 4559 68 1S 1068 10 % 160 46 19 675 484 I3} 9264 81 52 1846
Mean o+ 9 11 19 9 16 S22 £ ) Rt 4 03 a8 198 12t W49 4y 20 6719
. =/+ 28 407 17 22 20 2017 20 1135613 (150 24 28 7 19 26 23
Significanc (P)~vs. + 0.012 0.063 0.063 0.012 0.032 0.032
* —, without aminoglutcthimide trestment: +. during aminoglutcthimide treaiment: —/+. ratia.
* ng/ml.
‘ ng/ml.

‘ag-h-ml™,

“ Paticnt K. N. used tamoxifen three times daily. AUC in this patient is estimated during & h and normalized to 24 h.

/ Wilcoxon signed rank test for paired data,

agent (phase A) with these parameters in the same patients
when they were given the drug combination of tamoxifen plus
aminoglutethimide for 6 wecks (phasc B).

Fig. 2 shows the stcady state scrum profiles for tamoxifen
and its mctabolites in patient M. H. during onc dosing interval
in the absence and presence of aminoglutethimide. In agreement
with carlicr results (36). the scrum levels of tamoxifen and
mctabolites Y. BX, X, and Z rcached a maximum concentration
(C...) about 2 h after drug intake (data not shown). The
difference between Ca,. and the lowest level during one dosing
interval (C....) was reduced for tamoxifen and its metabolites
during aminoglutethimide treatment (Fig. 2 and Table 3). No-
tably. the concentrations of metabolite BX were reduced to near
the detection limit during the combination therapy. The results
for all 6 patients arc summarized in Table 3.

The marked reduction in the amount of metabolite BX in
serum during amincglutcthimide treatment (Table 3). was ¢on-
firmed by mass spectrometry analysis. The LC/MS traces for
the (M + 1)* ion show that this mctabolite nearly disappeared
in scrum during aminoglutethimide treatment (Fig. 3).

Aminoglutcthimide caused a sigaificant decrease in AUC
(P = 0.032) for tamoxifen-(mean reduction, 73%:; range, 80-
56%). corresponding to a mean increasc in tamoxifen clearance
of 222% (Table 4). AUC for most metabolites was reduced
(mean reduction, about 50%) (Table 3).

The ratio AUC o/ AUCsr increased 35-80% during amino-
glutethimide treatment for all metabolites, except metabolite
BX (Table 5).

Aminoglutethimide Pharmacokinetics and Acetylation. The
pharmacokinctics of aminoglutethimide and its metabolite, N-
acetylaminoglutethimide, were determined in patients receiving
chronic treatment with the drug combination of tamoxifen plus
aminoglutethimide {phase B) and after tamoxifen was with-
drawn for 6 weeks (phase C). In phase C neither tamoxifen nor

100
Phase A Phase B (+AG)
00 —0O-— Tamoxifen
‘=8 Meuabolite Z
—8—— Mctabolite X

200
B,
gLy

]

& 0t —~——r - 4
= 60
5 Phase A Phase B (+AG)
3
£ e —%6—  Metsbolite Y
= el =—d— Mecubolitc B
5 —O0—  Mcubolitc BX
(75}

20

b h
o‘&%ﬁ;

0 6 12 18 240 6 12 18 24

Time after last dose (h)

Fig. 2. Scrum concentrations curves for tamoxifen and metabolites in patlent
M. H. during one dosing interval. Phese A & steady «*ste famoxifen treatment,
Phase B Is sfier 6 neeks of combination therapy with tamoxifcn and aminogle-
tethimide. The tamaxifen dase was 30 mg once daily in both phases.

its metabolites were dotected in patient sera, with the exception
of metabolite X which was found in low concentrations (<! ng/
mi) in sera from three patients (A. K., M. H., and M. F.). The
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results from a single patient (B. H.) are shown in Fig. 4. Data
from all paticnts arc summarized in Tables 4 and 6.

Tamoxifen did not affect the pharmacokinetics of aminoglu-
tethimide or its conversion to N-acctylaminoglutethimide (Fig.
4 and Tables 4 and 6).

DISCUSSION

This study demonstrates a pronounced reduction in the serum
concentrations of tamoxifen and most of its serum metabalites
during aminoglutcthimide treatment (Table 3), Several expla-
nations should be considered. Aminoglutethimide may decrease
the serum concentration of tamoxifen and its metabolites by
reducing the absorption of tamoxifen, reducing tamoxifen pro-
tein binding, or by enhancement of tamoxifen metabolism.

Abundance

T | S SN B A
4 s 6 7
Retention time (min)

Fig. ). Chromatography of exiracts from pooled scra from phasc A and phase
B (patient K. N.). Reversed phase LC/MS and sample preparation were performed
as described in the text. Top trace, sclected ion-monitoting trace for the (M + 1)°
jon for metabolite BX (374 m/z) from phasc A (tamoxifcn as single drug): bortom
trace, phase B (tamoxifen combined with sminoglutethimide). The second peak
cluting aficr 6 min Is due to interference from the tamoxifen pesk (372 m/z).

Aminoglutethimide is not known to influence the growth of
intestinal bacteria or drug uptake. Thus, there are no data to
suggest that aminoglutcthimide may impair tamoxifen absorp-
tion.

Tamoxifen is highly (>98%) bound by protein in serum (30)
and alterations in protcin binding may affect the metabolism
and distribution of this drug. Because aminoglutethimide is
only moderately protein bound (about 25%) (34), it Is unlikely
that aminoglutethimide can displace tamoxifen from its binding
sites.

Our data show that aminoglutethimide reduces the serum
level and enhances the climination of tamoxifen, corresponding
to an increase in tamoxifen clearance from 189-608 ml/min
(Table 4). This effect from aminoglutethimide is probably due
to induction of tamoxifen metabolism, because there is ample
evidence that aminoglutethimide may stimulate mctabolic proc-
esses important in tamoxifen biotransformation.

Tamoxifen is metabolized by hydroxylations and demethyl-
ations followed by glucuronidation of the different metabolites
as well as of tamoxifen itself (Fig. 1) (4, 35, 37). Aminoglute-
thimide is an_efficient inducer of cytochrome P450 mixed
function oxidases (10, 20, 21, 38, 39). and it shows similarities
with phenaobarbital in this respect (40). Treatment of rats with

Table 4 Interaction berweea aminoglutethimide and tamoxifen

Clearance of Clearance of
tamoxifen aminoglutethimide
{mi/min) {m1/min)
Paticnt ~AG* +AG* ~TAMS +TAM?

A K. 284 652 105 84
ILL I1R9 649 1121 87
M. H. 114 N7 175 238
R H. 2] ns .oom 107
K. N.f 200 837
M. F. 282 856 n 86
Mcan 189 608 118 120
Significance () 0.032 >0.20

‘ No sminoglutethimide, phase A.

* Aminoglutcthimide treatment. phase B.

“ No 1amoxifecn, phase C.

4 Tamoxiflen trestment. phase B.

¢ K. N. did not enter the final pant of the study because of rapidly progressing
discasc,

/ Wilcoxon signed rank test for paired data.

Table § Effect of steady stare aminoglutethimide treatment on the amount of tamoxifer metabolites relative 10 parent drug in serum

AUC?™ for metabolite/AUC? for tamoxifen

Patient Aminoglutethimide ) Y B BX X ¥4
A.K. - 0.18 0.04 0.1t 2.t6 0.2t
- 0.1 aa0s 0.1¢ 249 0.1¢

LL - 0.07 0.05 004 .72 0.24
+ 0.15 0.08 <0.001 248 0.31

RINIR - - 0.0l 0.11 0.17 1.29 021
+ 0.08 0.24 «<0.001* 1.98 0.22

B.H - 0.06 0.001 0.15 0.97 0.15
+ 0.2t 0.00 0.001 1.63 0.26

K.N - 0.43 0.0$ 0.17 310 0.62
+ 0.85 0.08 0.08 3.6 1.03

ALF. - 0.46 0.01 0.16 2.66 0.39
+ 0.54 0.03 <0.001* 35 0.70

Mesn - 0.20 0.04 0.13 1.98 0.30
+ 0.36 0.0 0.04 268 0.47
P—vs+° 0.032 >0.10 0.032 0.032 0.032

® AUC™, AUC in steady state during ane dosing interval.
# BX not detectable during aminoglutcthimide therapy.
¢ Wilcoxon signed rank test for paired data.
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un l l
Phase B -8— Aminoglutcihimide Phase C
-0— N-.cctylaminoglutethimide
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Fig. 4. Sceum concentration cunves for ansinaglutcthimide and N-acctylami-
augluicthimide in paticar B, 18 Phase B s after 6 weeka of combinatiun therapy
with tamovifen and sntinoglutethimide. Phase C is duriag administration of
sminoglutcthimide as a single agent 6 wecks aficr cessation of tamoxifen treat-
ment. In both phases the kinetics of aminoglutcthimide were recorded during
pesind af I8 h of withdrawal of thi< drug.

barbiturate increases demethylation of tamoxifen in liver mi-
crosomes in ritro (41),

Induction of glucuronidation has been reported in man after
treatment with other well-known enzyme inducers such as
phenytoin, phenobarbital. and rifampicin (42), and recently rat
liver glucuronidation was found to be enhanced by aminoglu-
tethimide (43). The two hydroxylated metabolites, B and BX,
arc excreted in bite (5). Their biliary excretion as glucuronides
may signilicantly contribute to their total clearance, and induc-
tion of glucuronidation of hydroxylated tamoxifen metabolites
by aminoglutethimide may decrease secum levels of these spe-
cics.

N-Glucuronidation of tertiary amines has been demonstrated
only in higher primates (42). suggesting a metabolic pathway
for tamoxifen in man. not existing in m~ it experimental ani-
mals. Stimulation of tamoxifcn N-glucuronidation (Fig. 1) by
aminoglutethimide would enhance the metabolic clearance of
the drug but cannot cxplain the altcred ratio between AUC for
a mctabolite relative to that of the parent drug.

The abservation that AUC for tamoxifen metabolites is re-
duced (Tables 3 and 5) also agrees with the idea that aminoglu-
tethimide affects tamoxifen metabolism. Our study does not
allow delincation of the kinctics behind the reduction in metab-
olite AUC. According to cquation D, AUC... depends on the
fraction of tamoxifen converted into the metabolite as well as
on the metabolite clearance. These (fi and Cl...) arc parameters

not accountcd for by the present study design. However, reduc-

tion of AUC for tamoxifen mctabolites may be duc to reduced
Jw or increased Clo.. Reduction in fo may result if aminoglu-
tethimide stimulates the formation of metabolites not detected

by our HPL.C system, which was oplimized for the analysis of
triphenylethylencs present in human serum during monother-
apy (30). Increased mctabolite clearance may occur following
enhancement of metabolic glucuronidation.

Our paticnts were given cortisone acetate as a glucocorticoid
substitution during aminoglutethimide treatment. There is evi-
dence that corticosteroids may affect the metabolism of some
drugs (40, 44). We do not consider cortisone acetate responsible
for the observed altcration in tamoxifcn mctabolism for two
reasons. First, aminoglutethimide is an inhibitor of adrenal
cortisol synthesis, and the cortisone acetate substitution does
not increase plasma cortisol above physiological levels (34).
Sccond, aminoglutethimide is an enzyme inducer also in the
abscnce of glucocorticoid substitution (39).

The effect of aminoglutethimide on tamoxifen metabolism
has important implications. Obviously, lowering the serum
concentration of tamoxifen and its active metabolites reduces
their efTects. In addition, aminogiutethimide increases the rel-
ative amount in serum of most metabolites compared with the
parent drug (Table 5). This also suggests that the tamoxifen-
aminoglutethimide interaction is due to increased metabolism
and not decreased gastroiniestinal absorption (sce above). An
increased ratio A UC ma/A UCyn, is obscrved for the hydroxylated
mctabolite B, whereas the ratio decreases for metabolite BX,
another hydroxylated metabolite. These metabolites have con-
siderably higher afTinity for the estrogen receptor than tamox-
ifen itsclf (6-9). It has recently been demonstrated that the
inhibition of growth of the estrogen receptor-positive MCF-7
cells in the presence of tamoxifen and metabolites Y, B, X, and
Z parallels the relative affinity of these agents for the estrogen
receptor (45). Effects of higher doses of tamoxifen given in
combination with aminoglutethimide may therefore be influ-
cnced by the altered metabolite profile of tamoxifen.

Tamoxifcn is a weak estrogen agonist and strong antagonist,
and tamoxifcn mctabolites may also have agonistic or antago-
nistic propertics (46). Thus, alterations in tamoxifen metabo-
lism induced by aninoglutethimide may increase the amount
of estrogen agonists at the expense of estrogen antagonists.
Such a metabolic effect would counteract the biological effect
of aminoglutcthimide thought to be mediated by estrogen de-
plction, and a decreased additive effect of the drug combination
of 1amoxifcn and aminoglutethimide would ensuve. This could
explain :he negative results from the clinical trials of this drug
combination. :

Our results also show major variations in ratios of tamoxifen
1o its metabolites in the absence of aminoglutethimide therapy
{Table 3). This raises the question that breast cancer patients
who respond to tamoxifen therapy may have a tamoxifen me-

-tabolism different from that of the nonresponders.

There are occasional reports that tamoxifen interacts with
other drugs (26-28). We observed no effect of tamoxifen ad-

Table 6 Effect of tamoxifen treatment on aminogiutethimide pharmacokinetics and acetylation

Aminoglutethimide
AUCT. | N-Acctyl i gl himid
Tameovifen® (g-h-ml™") Tw (h) (liter) AUCT (ug-h-ml™Y)
+ Afcan’ 40.5 7.4 76.1 4.2
50 135 14 421 2.4
- Aean 393 7.2 758 38
S0 124 13 8.7 1.6

® ¢, during tamozifen treatment (phase BY. ~, without tamoxifen (phase C).
# AUC in sicady state during onc dosing interval,
:Phlrmmllnnk volume of distribution during terminal phase.

ne=35
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ministration on the disposition of aminoglutethimide (Tables 4
and 6). :

in conclusion, the present report demonstrates that amino-
glutethimide markedly reduces serum concentrations of tamox-
ifcn and its metabolites, probably by inducing tamoxifen me-
tabolism. Our findings suggest that clinicat trials performed on
tamoxifcn plus aminoglutethimide combined therapy (14-19)
may be biascd by low tamoxifen serum levels and change inits
metabolite profile. This may explain why combination therapy
did not result in significantly higher response rates than tamox-
ifen monotherapy (Table 1), Future clinical trials of the com-
bination therapy should therefore include serum concentration
monitoring and tamoxifen doscs should possibly be increased
to compensate for decreased bioavailability of tamoxifen and
its metabolitcs.
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Abstract~The poticstroges tamosifes (Tam o Hobader, ICT—T-14¢{2{dimethylamino)
cthatylpheayl] 1 2-diphenyl-t-butenc is widely wied in treatmcat of hormone depiendent breast caocer.
The drug is extentively metabaliacd by cytochrome P50 dependent hepatic mitéd fuaction oxidese ia
man, yielding mainly the N-desmethyl metebolite (DMT ). Thx study has beca earried oun 10 determine
the PLSC catyme jnvolved in the N-otidstive dearethylation of Tam in microsomal tamples (rom 28
human bvers (23 sdufts, bvo childrea). This snetabolic siep wis inhibited by carbos mosoxide wp 1o
T5%. Tam was demcthylated iato DMT with sa apparcat K, of 96 2 10 uM; catet vacied between 37
and 446 pmol/min/myg microwmnsl protein. These metabolic raies were stroagly correlated with 48
bydroxylation of testottcrone (r = 0.03) and erthromycia Ndeaebylate (r = 0.75). both activities
kaown to be associsted with PLSO tIEA eazyme. To further aseens whether o0 mot the Tam demcthyfation
sibway i catalyscd by the same P450, the iahibitory effect of TST oa this reaction wat determined.
compettive inhibition had sa spparcat K,0{100-2 10 xM. Drygr such as erythromyia, cyclosporia, -
a{cdipine Bnd diltinzem wese shown 10 Inlitat in pitro the mctabolism of moxifen. Furthermore the -
P50 HIA content of liver microwoms! tamples, metsured by Westem blot lechnigue wsiag 8 mosociona!
PLSONF (niledipine) sntibody, ews stroagly corvelsted with DMT (ocmston (= 0.€7). Tam N.
' demethylase sctivity was inhibited by more thas 5% with polycdoas! set-humas and-PASONF. All
theie in witro abtcovations extablih that 8 P4SO earymx of the H{IA aub-family & nvolved ia the
oxidailive demethytation of Lamotifea im bumas bves. -

L—

Tamoxilen} [compound ! (sce Fig. 1), Nolvadex
fom 1CI {46,474} 5 8 non-sieroidal anti-estrogen
which is currently vsed for the treatment of human
hormono-dependant breast cancer {1]. Metabolism
may play an important role in modulsting the
Biclogical activity of thie drug in 30 faf as it is thought'
W0 sct by competing with cnoplasmic eursdiol
feceptor by mesns of its metabolites, etpecially 4- A

'\_" =

hydroxy-metabolite (compound 2). The dnig &  Compevndl  TaM Ry 2 HIOG,  Re M -

extensively metabolized by hepatic cytochrome PASO ~ Comeovndl  40n.TAM - R NCH), &, 0n - -
dependent mixed function oxidase (o man (2] and Wc: Dt A o pe-O, R, o ¥ ) '

wnarious other mammatian specics {3-9]. Ongpaally ™0 &eon~0 Roon

the 4-OH-T was (e oaly serum mctabolite detoctod o
fn buman serum (2], but fater Adam er ol {10}, .
showed (he major serum metsbolitc 10 be the N-  Fig. 1. Cemical sruciure of tamozilen aad ks major.
desmethyl Serivative, DMT (compound 3). Up 1o eciabolics.
eaow five metadolites have been ideatified in bumaa

" serum: DMT, 4-OH-T, 4¢-OH-DMT, compouads L

884 Y [11-14]. la oitro studics with cud {5, 7], rabdit
6] Mver microsomes or isolated rit hepatacyteas 13, 4)

$ To shom requests for seprinu should be sddremed.
1 Abbrevistiona: Tamm, (amorifea, Z-1{4{2Z(dimeth
smino) cthorylphenyi] - 1.2 - diphenyt -'1-- buicac; DMT,
NMdcsmethpttamosifen: TNO, tamotifea Nouude: 4-OH-
4-hydcosy tsmotifen:
axcthyl 1emoniflen; T NN - didcsmcthytiomodilca; ¥,
1{€ - {2 - (hydcosy)ethonylohenyl[+ 1.2 - diphecayl - § -
Sutenc, ER, estiogen seepror, POS. phophate Srulles
tahinc; TST, scwostcronc. i

«OH-OMT, &hydrory-N--

Ientified other metabolites such as TNO (compound

.. 4) and derivatives. All these metabolites may

together with the pareat drug coatribute 10 the

obterved dinicat ictponse. Thus, the prescat study °

wat undertaken to determin the metabolic pathways
of Tam in human liver microtomes. 1a- addition
previous studics suggent the lavolvement of the
microsormal cytochrome P450 superfamily in Tam
enetabolism by rodeats (6, 9]. So in order to Wdentify
the P430 cnzyme involved in the metabolism of Tam,

. 8 thorough investigation wat carricd Out with human -

bver microsomes. La this papet evidence it pecsented

e
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chat human P4S0 HIA® eazymnes family, previously
Mentified as ailedipine, cydesporing, erythiumydn
ozidates [15-17] sre the major enrywes
the N-demethytation of Tem,

MATERIALS A% W00
Chemicsls
Tam was obtained from the Sigms Chéemicat Co.
(St. Louis, MO, U.S.A.) and #ts metabolites ate a
ift of Dr McCague ({astitwte of Cancer Ressarch,
tton, U.K.). -Eythwromydin, cyclotpotia sad
diltiszem were supplicd by Sigma, Sandoz (Ruell-

Milmzison, France J aad Synthelsbo-LERS (Mcudoa

Us Fordc, France) respectively. Testosterone and its
mctabolites were from Sweraloids (Wiltoa, NH,
US.A). [4-YClTestostcrone (sp. act. S$7TeCi/f
mmol) was from Amersham (Amarsham, U.K.).

Muman lioer samples and microsomes preparation
Human liver Lamples were obtained (com 23 adule
organ donors immediately after deith (19 males,
four femalcs, mcan age: 37 2 12 yeans) and two
children: § months old (Br023) and 2 yean old
{Br02S). Sampling was msde in sccordance with
Freach legal considerations. Ethical Committee
approval was obtained peior to this study. Pre-death
dictaty habits - aad exposure 10 enviroamental
chemicals were not known. Liver {ragments were
froten immediately and itored in kiquid nitrogen.
Microtommal fractions were prepared at previously
described (18] and stored at ~80° until ute.

Deteaninarion of moaoosygenase ecrivities

Proiein content of microsomal preparations was
determined by the method of Lowry erol. {19). Total
cytochrome P4SO levels were measured according to
Omurs and Sato [20], with mokeculsr extinction
ooefficient of 91 mM~tem=t,

Tamorifen meiobolism. Incubations were run in
polypropyken tett tubes o¢ diliconized glats tubes in
the dark. The standardincubation mixture contained,
in 8 final volume of 0.5mL, 40mM potassium
phosphate  buffer pHT.4, 120mM  potsssium
chioride, S mM magnetium chlonde, 0.5 mM tamon-
ifen and 2.4 mM NADPH. After 2 min of pre-
incubation &1 377, the reaction was started by sddition
of | mg microcomal proteins. Aficr 15 min shaling

* 4SO nomencisture. The sew revonwnended pome acls-
ture for eytochroaw PASO (Netert DW, Nebon DR,
Adcanik M, Coon M), Eqabroot RW, Goarater FP,
Cuwengerch FP, Gunalus 1C, Johason EF, Kempet B,

Levin W, Philige IR, Sato R and Wateemana MR, The

P450 swperfamily: ypdated Bstiag of ol gency aad
recommended pomenclature for the chsomosomal boa.
DNA 8: 1-13, 19€9) &k wicd throughout this paper. The
human PASO THA sublamily appean 10 Aaove of feant fous
dustinct genes. As these geocs are eacodiag prodeing whose
Primary sequences are of least K256
antibodacs against any P40 LA form e apocred 0
crou et with aB other protcim of the sublamity. So, &
it a0t pottible 10 decide whack borwn(1) of this sublamily s
the unc involved In Tam, siledpiac o Cpclosporin
metabolism. We shall sovordiagly e the term

P4SC HHA 1o designste the PO LA lavolved in thew
ScUvalect,

;—

volved in-

.polyconat -

€. JaroLot et ol.

AL 3T, the reaction was stopped by addition of St
ciloioform. The mixture was woriexed and re-
esteecicd st pH 9.0 with Sl chlocoforni. The
&cganic extracts weee pooled and dricd ot 40° under
mitrogen stream. To the drup residue way added
0.5 ml. methanot-water (90/10; v/v) mixture for
HPLC anaiysis. Control jacubationt were twn s
described sxccpt that microcoma!l  proteins of
NADPH wctc “omiticd. Tem metabotites were -
saslysed by HPLC with 8 Lickrasorb C-18 RP-Sclet
B enluma. 250 x 4 mm, {roch Merck (Darmstad:,
F.R.G.) cluted by a mobilc phase cmshmr of
scthanol, water, tricthylamine (90/10/0.1; v/v/v)
with 3 fow nte of 68ml/min. Efuates were
éctected by UV ot 238 am with & seasitvity of
0.005 AUFS. Peats'were ideatificd by thelr setention
time and spectral characteristics in companison with
staadacd compounds. Pesks were quantibed by an
integeatoccalculator SP-2100 from Spectea-Physics
(Ssnt2 Cura, CA, U.S.A.). Ovenall biotransform-
ation was expressed a1 the percentage of sabstrate
uaasfucmed into koown mciabolites telative o the
sataasformed drug.-. . -
Testosterone metabolism. The sandard incubation
mixture contained.in 8 final volume of | mL, 100 mM -
{fastium photphate buflfer pt 7.4, 0.CS mMEDTA,
5% glwcerol. 25 uM (£-'Cliestosterone (sp. act.

. 3 mCifmmol) and 0.2 mg microsomal proteins. Aftee

pre-incubation at 37°, tlie reaction was staned by
sddition of 2.4 mM NADPH. Afier 15 min shaking -
a1 37, the reaction wat stopped by sddition of Sml
methylene chioride. The organic phase was taken to
dryocts under aitrogen stream & 45°. Testosteronce
enctabolifes were snalysed cither by thin-layer
cheowmatugraphy sccording 10 Waxdhaa 1 gl {21] or
by HPLC sccotding to Sonderfan o ol {22, fn”
all caccx, Gf-hydroxy-tettosterone was identificd
sccording ta i chromatographic behaviar and its
rsdioactivity was ‘counted by Equid santillation
specuometry.

Ceycheomipcin - demethvlase,  Erythromycin
demcthylation sctivity was determined af 3T° ia an

. incybation micture containing | mM erythromycin,

i mg of microromal protein, 2.5 mM hydrochloride
semicarbaride ia ¢ fnal volume of S mL of 0.1 nM
puxatsivm phosphate bufler pll 7.4, The reaction
was initiated by the sddition of 2nM NADPH,
proceeded foc 1S mia, and formaldehyde formation
o2t mertured sccoeding t0 Werriagloee {23).

dakibicon of Tem mcrabolisni by diffcrent compounds

lacubations weie performed as sbove described -
with 0.1 mM tamoxifen, except that tcstosticrunc,
erythromycin. cydotponin, nifedipine, estradiol or
diltiazem were sdded at concentrations eaaging

- between 25 and 500 M. Control expeciments were

conducicd la the tame coaditions with the same
smount of organic sofvenl, ecctone of mcthanol,
sccded for solabikizstiona of
samples were oted of these expenmeonts: FH-2A.,
Br022 snd B024 o0a the basis of their high tamorifen-
meisboliang actunity.

Inhibition of Tom meabolism by and-P4SO HIA
entibody

Diluted microwomes  from FH.2A  sampic

. Theee lbiver -



—

-poy

N-Deavthytativa of eatiicn by cytackrooe PASO 11IA

4050 amole cytochrome P4SO/mL) ia 40 M pot-
sivm phosphate buffer pH 7.4 wese {acubated at

“om semperature for 20 min ia the abeence of in .

e of increasing amounts of polycional

. & pree . !
- 4S0-NF antibody [24] or aon-immunc rsbbit 1gG.

Yo s0d NADPH were added and the reaction was
shiowtd (o proceed 83 indicated above.--¢

dmavunoblot enalysis

Protcin samples (20 yg) . were separsted by

slectrophoresis on 9% sodium dodecyl sulphate
(SOS)-potyscrylamide gel according to Laemanli
{25). 8ad tramslecred ckectrophoreticatly %o a
nitroccllulote sheet {26). Afer incubation st 37 for
Wamin by I% bovine: serum albumin and K%
acwborn calfl scrum ia PBS. the nitroccilulos sheet
was sequentially trcatd with monocions!.anti-24S0-
NF bhuoman- [24] overaight- sl 47, washéd with
PBS Uxen PBS conusining rsbbit anti-mouse
dmmunoglobuling conjugated (o peroxidese (Dako,
Veaailies, France). ‘Finally the sheét was washed

with PBS and the peroxidase sctivity was detected -
with 4chioronaphtot and H,0,. The quantification -

of P45O H{LA wat performed by densitometry. The

lategrated peak ares of .the various microsomal -
preparstions was ‘expreseed &t arbitrary wais -

relatively to the smount of proleins.
Deic analysis

The vatues sre means 2 SD from 24 Livers; the
aample from the S-month-old subject Br023 was not

‘~ctuded. Correlation coefficients “were: calculated
lag .en ANOVA ublc by the - kasi-squares

=gression analysis from the raw data. As a normat .
xusian distribution in the populstion was observed,”

ocrelation cocfficientt were determined with 2%

samples.

RESULTS
Mcaboluer of tamoxifen

By using the optimized HPLL conditions, <ight
metabolites were totally separated within 35 mia
(Fig. 2). In order 1o reduce analysis time, the mobile

ss¢ wag modified as indicsted {n Materisls .and

thods. Thewe modified conditios did 8ot
allow separstion of a-hydroxy-Tam-N-oxide from
metabolite Y. Since these twn compounds were
8ot detected in biological semples from buman

-smicroromes, these ansiytical HPLC conditions were

wicd. Figure J showt metabolic profies of Tam
éncubaied with human and rat microsomal tamples
fa comparison with control incubstion. DMT, 4-
OH-Tam and TNO mctabolites were identified by
thele chromstographic behsvior sod theic UV-
spectes. Funthermore, DMT peak wat shown 10 be
homogeocaus by s constsnt sbiorbaine retio 240/
260 am during its elution. Whercas 4-OH-Tam was
formned at a very bow level (about 1.6 2 1.3 pmol/
minfmg protein) which is close o the minimum
smouat detectable, TNO was produced ia detoctable
smounls, bowevet very similar in control and buman
mixosomal tamples (Fig. JA and B). It & worth

ung that TNO was formed in amounts greater

ea wting rat microtomets than human microtomes.

oordingly TNO was not taken into sccount in
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Fig. 2. HPLC chromutogram of Tam metabolisct. Asalyiis
ox caticd out on o Lichrosort RPsciet B.Sum
eotuma (2$ x 0.4 e}, mobile was methanolfwater/
trieikRamine (80/20/0.1, v/v/v) st 0.8 ml/mia. sEluates
wcee detected at 238 avm with 0.005 AUFS scasitivity. Foc
Mentification of peals, see Fig. 1. Tam metabolites (100 ng
esch) sre numbered as follows: §: metsbobite F or Z-1{4-
@ - hydroxycthory)phent] « 1 - (4 - kydroryloheayl]1 3 -
dphenpl-1-butene; 2: a-hydrosy-tamosifca-N-oxwde; J: -

seubolite Yoo Z- 1-{4-(2- kydrosycthary)phenyi] - 1.2 -
diphenyl - § - butcac,4: 4 -hydrozyismori{ea: $: tamosifen -

o4
[ 3

N -0udc: 6,7 Zasd E - 1 - {4 - (2 - methytamino)
ethorylpheagt]- | - [¢- bydrotypheont] - 1.2 - kipheayt - L -
’ deumethyl-tamotifen.

butene; 8 tamonifea; 9:

alculating the. metabolic sate of Tam ia-human .
microtomes.

Cyiochrome P4SO dependence of samorifea metad-
oliom

Preliminary experiments suggesied the involwe- .
ment of cytochtome P450 in the Tam metabolism
by human tiver mictrosomal amples. This evidence
included localization of activity in the microsomal
subccllutar (caction, beat Ladility, atsolute depen-
dence upon the presence of NADPH for catalytic
sctivity. Furthermore, the binding of Tam to buman
liver microsonss was determined by dilfereatisl
spectrowcopy. Type | difference spectes with minima
at 420nm and maxima st 790 am were obtained
upoa sddition of increasing amounts of Tam fa lver
MICTOOMCS.

The ceaiprocal plog of the sbsorbance change ot
390 minus 420 nm against Tam coaceatration (Fig.
4) aliowed deteamination of s sppasent dissociation
coastant K, of 9uM and a maximal absocbance .
change 8A ., ™ 0.0064. Moteover, DMT formation
from Tam was inhibited 0 75% when the
Iscubation etixture wat with OO befoee -
sddition of microsomal sample.

Kinctic parermciery

Figure S shows the &ncer Limctia of DMT

formation from Tam by microsoaxs from bomaa

Nver FH-2A. K_ was determinod o 96 £ 10 «M and
Vo 85 530 pmol/min/mg micvoromal proscia.
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Fig. 3. Typecal RPLL chromatograms of incubstios scdivm of 0.5 mM Tem with microsomat samples

froon FH.2A human Lver coataining NADPH (A) sad not contsining NADPH (B = control) sad from

rat biver (C). For HPLC conditions, e Fig. 1. Mobile phase comisted on snethanol/waser/firicchylomiac
{90/10/0.1; v/v/v) 8t 0.8 mL/mia.

0109
Ss)

Fig 4. Reciprocsl plot of A (A ps = Aupe) agsinst Tam

conccnlration. Microsoamal sample (rom FH-2A biver o

diluted 81 1.6 mg protein/ml o 0.8 amol cytochrome P30/

ml. fngeasing amounu of Tam were sdded (0 the sampic

auvciie and (be tame amount of ethanal o the r¢lerence

cuvsite. Afice sero fecording, differcstal specirs were
trocorded.

0.200

°- — P E— ol 4
2 %9856 6010 607 003 6040
YISty

Fig. 5. Reciprocal plot of # { posct/min/eng proccin) against
Tam conoentrston (M) socwding 0 Lincwcowvee aad
Buck. Murosoma! tample (com FH-2A bver wat wed.

Correlation studies between Tem metabolirm and

different monoorygenase activities in human liver
mucrotomes

Tabic | shows the rate o biotrapsformation of
Tam and tesiosterone by 24 adult buman and onc
acwbom liver-mictosomes. The rate of N-ozidative
demcthylation of Tam ranged from 37 to 446 pmnol/
mun/mg whereas the cate of 68-hydeorylatioa of
TST varied beiween 165 10 4073 pmol/min/mg. An
excellent correlation beiween these two acuvilics
“wasobrerved(Fig. 68)(r = 0.8, N = 25, P < 0.00¢).
Similarly, Tam dcmethylation was significantty
errelated with crythromycin N-Gemethylase activity
(Fig. 6A) (r = 0.75: N = 24; P < 0.001).

dmmunoblot analysis of microsomal proscias
Immunoblot. snalysis of isolsted human Sver
microtomet uting & mooaocions! entibody gesctive
with P4SO-NF revealed s band of $2,000 Dalions as
the major reactive polypeptide (Fig. 7). Ia two of
the liver tampies (Br01S and Br017) shown la the
fnsen of figuce, however, 1 band of 52.500 Dakoos
was aho detected with the monocional aatibody. -

Correlation of monoorygenase actipitics wish bmma-
aoquenticated P4S0 J11A

N-Oxidative demethylation of tamoxifen as well
a8 6f-hydrorylation of testosteronc in 25 microsomal
samples was highly significantly cocrelated with the
armnown of P45Q [ILA immuaodetecied (¢ » QK7 ¢ =
0.90 raapecaively) (Fy. 8).

{ahibiton studics
To furihicr asects whether of st the N-

demcliflation of Tem & catalysod by the P430
earyrae invalved ia 6f-bydronylation of TST (i.c.
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A, exprepsed as velative arbitrary relative wnit,

$cu, oge Toted P4SO Tom ST £R PNSOIUA
{ Subjects (yeons) (pmol/mg) = A 4
a M.t b2 ] » [ 18] 1L 121
FHIA M. s 446 &73 1458 LY 1]
FH) M. ¢t o " 30 1.96 348
801S ™ .4) 414 [ I ] [ J ) 24t
8016 - M % 13 ° 1850 | W3 b3
8017 M26 M WM 1.Q pA -
801t F 4 3 T 10 10 - -
80104 . M8 M1 n M0 (¥ ¢ .n
. BG2| M 49 257 0« IS 106 1
8022 MDD 285 p ool 330 1.9 b 5}
V1 F.AS 0S5 m »s 21 4.4
8023 - M2 11 128 085 1.00 1.20
B 027 M1 300, 4 433 (&3 1.
| Tive d M S 0 5] €30 1%
8029 M6 n “4 S 813s on
- 8031 M23 154 $ o0 on 40
. $e032 M35 p. (8] p L) 164 29
Br033 (YY) b 74 n 4 [ &/} 144
B8O M2 6 n W1 [ R 7] 1.2%
BA)S MM3s 252 n 2120 .5 3%
Br0s M7 15 17 N 0.64 .12
8037 M36 D0 11} b £2) on 091
84018 F Sl 120 o o] 0324 100
800 F.4 538 s 150 o n
Mcan 296 ne 1566 1.0% 2.12
250 150 " 1200 0.6) .
B2} f.S months 8 . 38 ND 14
* prool/mg/mia.
1 amol/mg/min.
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F¢. 6 Corrclation betwoca N-otidative deacthylstion of

Tam aad cerythromycin N-demecthylase (A) and &8

“wdrocylation of TST (B). The corrclatioa coclhcient (r)

& dcdermined by the fcast-squares lincar regrcasioe
snetyus.

P40 [LIA). the effect of TST on this reactioa was
dctermined. Figure 9 illutrates the competitive
fnhibiton of TST on Tam demethylation with sn
apparent K; of 100 2 10uM and the same eflect of
Tam on 65 hydroxylation of TST with an sapparent
K, of 10 uM.

Immunoinkidition of Tam demaethylase in humen
koer microsomes

la order 10 confirm the role of PASO LA as the
sujor enryme involved in the N-demethylation of
Tam, knmunoiohibition c:.pcnmu were oarnicd
out oa miaoomal preparation from FH-2A kiver.
Reiulis are reponted in Fig. 10.

Tam N-Gemethylase activity was inhibited by snore

than €5% of contral ectivity with § ng tmmune Ig
G per amole P450.

Tamorifon dneg bnseractions

Ia order 10 mscts druge that laterfere with
the hepatic metabolism of Tam, erythrom
cydorpocin A, aifodipine, diliszem and cln’::l
weic sested. Table 2 reponts the rosulie

Cleatly erythromycin, cydosporia, sifedipine
and ditazem competitively fahibied Tem N--
demethylase actlvity with apparent K, of 20, 1, 45
and 30 xM, rerpectively, However, cund-old-d.ot
significantly iahibit Tam metaboliem.
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Fig. 8. Corrclation between Tam-N-demethylase activity
(A). 64 hydroryletion of TST (B) and immumoquantisied
PASOIILA la humin -Hver eeicrosomes.  Mictowomal

eparsiion {rom 15 buman Wvers were saslysed (of Tam

sotransformatics and 68 -hydrorylation of TST. PASOISIA
eontent determined by immunoblot ansiyss of 20 ug of
microtoms! peotein wiiag sonodonal sati-humaa P430
NF. Intensity uniu are relative srbitrary wnits defermined
by densitometry. Cocrclation cocflicient (7) was calculated
by the keasisquares bncar segressson smeihod (P < 0.001).

TEICUERON-

Metabolism: of tamoxifen Ia mammalian cpocies -

sppears (o have been subject 10 controversy. While
Fromeon et al. {2] detected the 4-OH-T ac the only
Tam metabolite in human serum, Adam et of. {10}
showed the major serum metabolite 10 be DMT.
Since these eadicr works, # has been cleardy
cstablithed that this Ndemethylated decivative
the mott sbundant metabolite detected in plasma
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Fig. 9. Competlive Inhibltion of Tam demcthylation by
scttosterone (A) and of testouscrone 48 hydrotylation by
Tam (8). Upper plot: tiver macroromat ston (ma:
FH.2A donoc s msayed for Tem (50, 100 sad 200 M
demetbylae acivity In the prewcace of increating smount:
of TST. Lower plot: Gver microromal sample prepacetios
from Br0Y9 hver was muayed for 68-hydroryatica TSI
(30, 100 aad 200 pM) sctivily ba the prewace of increasing
amounts of Tem. The dats were analyscd sccordiag 0 the’
Dizon phac.

<50 16

{13,14,27,28]. This is consistent with our observation -
that this meudalite was thé major compoun
produced by humaa microcomes. N-Demethylatine
of Tam varied between 37 and 446 with a mea
of 138 = 9¢ poolfminfmg protein. No significan
diffcrence was obierved sccording o gender of 8¢
of kver donons. The 4-OH-Tam was produced at

very low kevel, 1.6 £ 1.3 pmol/min/mg protcin. |
represented sbout 1% of DMT; this is tn agrecmen
with the DMT/4-OH-Tam ratio measured in th




N-Demcthylation of tamorifea by cytochrome P430 [1IA

o Noa lmmwne 1gG -

R B B
g igGlamot MK, .

Fig- 10. lahibition of Tem -N-demeth sctivily {a
microsomal preparation by saG-PAS0 A satidody. Liver
microsomes (diluted 10 0.5 smole PLSO/al) from FH-2A
Gver was imcubaied 20 mia ot soom femperature b the

of Increating smount B immune {g G anti-PN50
:; (A) or pon-immunc Ig G (B). Umiakibited activity was

275 posol/minfmg.

Tebie 2. tahibition of Tam N-demethylese activity ia
buensn bver sicrosomes by dillcreat compounds

tahibitor (M)

eonocalcstion 25 100 200 20 00
Erythromycia -— — 0 e ” ”»
Cycloepoain 95 97 100 e~ -—
Nifedipine -_ % N o  {
Extesdoat 0 0 e - 15. 2
Diltiarem s3I &0 ¥ Q ~— -

Values ace expretsed 2t percentage of inhition of Tam
metsbolitm by the B022 hepat microsoma! sample in
prewence of an srsociste drug . Coatrol value (0% inhibition)
was 291 pmol/chia/mg protcin. Tam concentration was

100 g,

serum of patients {13, 14]. The metabolic profike of
Tam was
the 4-OH-Tam was (ormed ¢ the metadbolic cate of
250, 230 snd 290 pmol/min/mg fa microsomal

cparations from rat, mouse and rabbit respectively,

.e. at 8 level clote to that of DMT (results ot

shown). Such a result is in agreement with s previous
study conducied on rabbit and rat liver microsomes
‘6]. Amovats” of TNO were” also detected in
tncubstion medium -but they &d mot  Siller
significantly from those found in incubation where
NADPH was not added. Thus, TNO may be
coaiidered as an anela of ln vitro experiments in
00 {a¢ as N-oxidation of tamotilea was shown 10 be
strongly dependent on oxypen svaitatslity in solated
3¢ hepatooytes {4].

N-Demcthylation of tamorxifen was chown (0 be
cytochrome P4 50 dependent. This enrymaticreaction
was inhibited by carbon monooside and mocded
NADPH. Spcctnn binding studict indicated a very
high affinity of Tam for the typc I binding site of
P4S0 with a K, of 9 xM. Such binding type was
dercribed using rat {9] and rabbit liver mictosomes
{8]. Fuahermore, Tam did not inactivate PRS0

uite dillcrent in rodeats. For example, -

[, ]}]
cazyme (resulis not shown). It should be poted that

the Michaclis constant K., snd appacent spectral -

dusocistion constant K, are kn disagreement:ia ooe
ordet of magnitude: 100 vs 9 oM. Such & result was
80( -surpriting since K, & obwined from spectral

changes which are determined for the ferric proteln -

fa the abtence of reducing equivaients white K, is
obuined {rom aa actively metabolizing system {29].

Howcver, Tam N-demethylese activity was-poody.-- -

correlated with the tots! P4SO amount (r = 0.66; N =
24). These sesults -quggest that the variations
obecrved arc due to-the coatent of specific P43
kolormn(s). All the sesults reporied in ths papes
demotstrated deardy that cytochtomes PASO from
the PO HIA swblamily are the majoc eazymct
favolved in the N-demethylstion of Tam s hamsn
Bver.

obeervitions:

1. Corrclation of Tam N-demethylase activity
with TST &5 hydrorylation {r = 0.83: P <0.001),
ecythromycin Ndemethylase (r = 0.75; P <0.001)
and niledipine oxidase (r = 0.75; F < 0.00, results
a0t shown), &l these activities known to be sepported
by P45OL1LA {21,30,31];

2. Corvelation of Tam N-demethylase activity with
P4SO A Bevel determined by Western blot (=
0.87; P < 0.001), but ao significant correlation with
PASQ LA (¢ = 038, N = 25) snd P4SO UEL (r = 0.11;
N = 25) determined by immunoblotting |32):

3. Inhibition of Tam N<demethylase actvity by
anti-P450 NF (1HA) aatibody;

4. Compctitive inhibition betweea Tamt and TST,
cyclosponin, erythromycin, nifedipine and daltiagem,
ali compounds known 10 be metabolized by P450 HIA
enzymes [15-17,21, 30, 33).

Thwe human P4SO LA gene subflamily [M] appesss
to contain st besst four members, HLf or §11A3 [15].
P4SO NF of 111AL (31], hPCN3 or HIIAS (36] and
HFL 33 or HIIAG {37]. the Latter being expressed in
the fetus. These forms are at icast §2% homologous
In wcrms of amino acid sequences. Thus satibodiet
sgainst any PASO LA tsofonns are expected 10 cross-
react with all other proteins of the sublamily. So, it
& not yet known whether only of several of these
Bolorm(s) s (arc) involved in cyclosporia. nifedipineg,
diftiazem moncozygenase activities. Furtbermore,
enzymal analyscs of the P430 LA purificd formns
have gencrally yickied very low eatalytic activities.
Thus, cxperiments reported here do aot aflow 0
distinguich betwoen clotely selsted PO 11T family
forms involved in the mctabolsm of tamoxifen.
However, the PASOLIIA ¢ &80form soems 10 be the
o5t important member of the {amily, whilc the
P450 HHIAS or hPON) is & minot loren expreseed in
850ut 15% of the general population (36], probably
la the BeOIS sod BrOl7samples in this stwdy.

Comcerning the other isoform PASOIIIAS, it -

oonstitutes a very minor form i human kiver (33].
Accordingly, knowing thst 8-hydroxylstion of
testosterone & mainly mediated by WPON! oc
P40 11EAL [36), our retults smay smggest that this
P4SO LA nolorm u probably mavolved i the N-
demethytstion of tamaxifca.

The fat of drugt and eadogracous compounds
which have been characicrized o tpecific sebstreics

e




e

of human P4SOIHIA includes erythromycin {30},

wifcdipine {15], cyclosporin {16,17], scstosterone:

f21]. diliiazem [33] and cortisol {39]. It esa be
therefoce anticipated that any of these drugs should
besd 1o interaction with tamogifea vbcn iven in
sssociation. This hypothetis w by our
study in pliro. Thus, uythromm cydosponn and
Gltinzern a1 100 uM conceatration . fnhibited the
biotransformation of Tam to DMT by more than
5%. In opposite, estrndiol significantly inhibited N-
demethylation of Tam only at concentrations greater
than 500 M. Thit Is consistent with the observation
that cstradio! wat mainly metabolized by a
eytochrome P450 TA and to & lesser extent by
P450 HIA4[40]. In theory, metabolism of tamoxifen
should be decressed during concomitant adminis-
teation of one of these drugs. However, it thould be
kep in Tind thet the exten( of the effect i Lkely to
be modulated by various factors such -as dose,
biodisponibility and relative K, of both-drugs. Up
W now, 3 severe intersction of tamoxifen with
war{srin was described [41]: the investigation pointed
out that inhibition of cytochromes P4S0 enrymes by
umorifca may bé the basis for the interaction
between tamoxifen and warfarin, As warfadn @
known (o be mainly metabolized by the cytochrome
PASOIIEA cruzymet family (named cytochrome P4ASO-
$in Rel. 42) this drug in(éraction could bc duc to s
competitive inhibition. In this eespect, it has to
be emphasized that tamoxifea therapy miy be
complicated when given in assncistion with dey

known to be inducers or inhidbaors of P4SOIIA .

enrymes.
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