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Summary-The in vitro binding affinities of toremifene (TOR). 4-hydroxy toremifene (4-OH- 
TOR) and several other metabolites for the rat uterine cytosolic estrogen receptor were 
compared with those of tamoxifen (TAM) and 4-hydroxy tamoxifen (4-OH-TAM). Only small 
differences were observed and the binding affinities of both 4-hydroxy metabolites were similar 
to that of estradiol (E2). Uterine uptake and subcellular distribution of [‘HITOR and 
(‘HITAM were then compared at I, 8 and 72 h after administration to castrated rats. The 
uptake and retention of both antiestrogens were similar at all times. In each case the amount 
of nuclear bound radioactivity declined to low levels at 8 and 72 h but the ratios 
of 4-OH-TAM/TAM and 4-OH-TOR/TOR determined by HPLC analysis increased 
dramatically at 72 h. The level of radioactivity in both plasma and uterine cytsol at 72 h 
was significantly higher following [‘HITAM administration. However. most of the 
radioactivity appeared to be in a conjugated form since it was not extractable with 
solvent. Finally, the ability of prior administration of each antiestrogen (100 mg/kg) to block 
uterine [‘Hlcstradiol uptake was examined at 3 and 7 days. It was found that uterine wet 
weights were higher than control one week after administration of both compounds. 
Prior administration of TOR increased nuclear uptake of [‘H]EZ whereas TAM had no 
effect. The results of these experiments suggest that toremifcnc and tamoxifen have very similar 
in aitro and in uilw binding properties but diffcrcnccs in metabolism exist that may be 
important. 

INTRODUClION 

The well established antiestrogenic properties of 
triphcnylcthylene drugs such as clomiphene and 
TAM have led to their widespread use in clinical 
medicine. Although discordant observations such 
as marked species differences in agonist/antagonist 
potency exist [l-4], it is generally believed that these 
compounds compete with Er for binding to the 
estrogen receptor in target tissues and form inactive 
complexes (for review, see (51). Many studies have 
demonstrated that antiestrogens compete with E2 
for binding to the estrogen receptor in broken cell 
preparations of target tissues, such as the uterus. 
However, the estrogen antagonism expressed in uiuo 

is complicated by the extensive metabolism to both 
more active and less active metabolites (61. 

The present studies were undertaken to compare 
both in cifro and in tko binding in the rat uterus of 
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a standard antiestrogen that has found clinical accep 
tance. TAM, with a,closcly related compound TOR 
that has recently become available. 

MATERIALS AND METHODS 

Reagents and animals 

Both unlabeled TOR and [‘H]toremifene (sp. act. 
23 Ci/mmol) were provided to us by Farmos Ltd. 
Turku, Finland. [‘HITAM (sp. act. 82 Cilmmol) was 
purchased from New England Nuclear (Boston, 
Mass) and [‘Hlestradiol (sp. act. 140 Ci/mmol) from 
Amersham Corp. (Arlington Heights, Ill). Six 
metabolites of toremifene were also provided to us 
by Famos: N-monomethyl-toremifene (Fc-1200). N- 
desmethyl-toremifene (Fc-1270), 4-hydroxy-toremi- 
fene (Fc-l263), the deaminated primary alcohol of 
toremifene (Fc-l27l), the 4-hydroxy primary alcohol 
of toremifene (Fc-1272) and 4-hydroxy carboxyl 
toremifene (Fc- 1330). Scintiverse 11 (Fisher Scientific 
Chemicals; Fair Lawn, N.J.) was used for liquid 
scintillation counting. All other chemicals were of 
highest purity commercially available. Female 
Sprague-Dawley rats weighing approximately 
250-300 g were used in all experiments. The rats were 
ovariectomized 3-5 days prior to the start of each 
experiment. 
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Reluriw binding a#iniries of toremrfene. tamoxifen and HPLC separation of rorrmiftinr und tamo.rif>n 
their metabolires metabolifes 

Uterine cytosol from castrated untreated rats was 

prepared as described below. The relative binding 

affinities of metabolites were determined using the 

centrifugal ultrafiltration dialysis method previously 

described [7]. Increasing amounts of [ ‘H]E? were 

added to a series of IO tubes (l-100 nM) in the 

presence or absence of a constant amount of non- 

radioactive competitors: EZ, TAM, TOR. 4-OH- 

TAM/4-OH-TOR, N-monomethyl TOR and the 

primary alcohol of TOR. the organic solvent was 

evaporated and 0.5 ml of the cytosol added followed 

by approximately 5000 cpm of [“Clglucose. After a 

2 h incubation at 4 .I!00 ~(1 of the incubation mixture 

was placed in duplicate capsules and centrifuged for 

16 h at 4-C at 300x. The samples were processed 

through the remainder of the assay as previously 

described [8] and the percent free E2 determined. 

Bound E7 was calculated (total-free) and Linc- 

wcavcr-Burke plots used to dcterminc the inhibition 

constant (K,) for the competitors. 

To identify TOR and TAXI metabolites, aliquots 

of the nuclear and plasma solvent extracts were 

applied to a HPLC column. The column was a IO ~1 

Vydac C I8 reverse phase (4.6 x 250 mm) run at 45‘C 

with a Cl8 guard column. Mobile phase A was 

0.01 M NaH,PO;HIO:acetonitrile:isopropranol: tri- 

ethylamine 640: 300: 60: 2, pH 3.9, and mobile phase 

B was isopropanol. An isocratic gradient program 

was used with a flow rate of 2 ml,min with 100% 

mobile phase A between 0 and 24 min. and a linear 

program where mobile phase A decreased from 100 

to 70% while mobile phase B was increased corre- 

spondingly between 24 and 44 min. Available non- 

radioactive standards were added to extracts, and 

detected with a u.v.-detector set at 25-I nM. Fractions 

from each column were collected (0.5 ml) and 

the radioactivity determined by liquid scintillation 

counting. 

RESL;I.TS 

Tritiatcd anticstrogcns wcrc dissolved in 0.5 ml of 

a solution containing 0. IS M saline and ethanol (9: I) 

and injcctcd into rats intrapcritoncally. The mean 

dose for tamoxifen was 0.7 nmol and for torcmifcnc 

1.7 nmol. both giving approximately 35 x lO”cpm/ 

rat. After I, 8 or 72 h the rats were anesthetized with 

pcntobarbital (Ncmbutal; Abbot Laboratories). and 

blood was withdrawn by cardiac puncture with a 

hcparinizcd syringe. 

The rclativc binding afinitics (K,) of TAM and 

TOR and sclccted mctabolitcs arc shown in Figs I 
and 2. The value of the dissociation constant (&) for 

EZ binding to the cstrogcn rcccptor dctcrmincd from 

mcasurcmcnts of fret E:! in the same scrics of cx- 

pcrimcnts was 5 x 10 ” M in agrccmcnt with our 

carlicr results. When nonradioactive E2 was added as 

a competitor, the value of K, was I .2. As can bc seen, 

both TOR and 4-OH-TOR have about the sdmc 

affinity for the rcccptor as TAM. and 4-OH-TAM. 

All of the other torcmifcnc metabolitcs studied have 

considerably lower atfinity than 4-OH-TOR. It 

should be noted that the K, values shown in Fig. 2 are The animals were sacrifced by exsanguination, the 

uterus cxciscd, rinsed with saline and frozen immcdi- 

atcly in liquid nitrogen. The uteri were pulvcrizcd and 

suspcndcd in 2 ml of IOmM Tris. I mM EDTA 

buffer. pH 7.4 at 4 C and homogenized with two IO s 

bursts of a Polytron homogenizer. The homogenate 

was centrifuged at 800~ for IO min yielding a crude 

nuclear pellet and crude supernatant. The crude 

nuclear pellet was washed 3 times with 1.5 ml of Tris 

buffer and suspended in I ml of the buffer. The crude 

supcrnatant was centrifuged at 10,OOOg for 20 min to 

yield a “mitochondrial” pellet that was suspended in 

I ml of the buKer while the supernatant was cen- 

trifuged a third time at 150,000~ for 60 min to 

scparatc “microsomcs” and cytosol. The microsomal 

pellet was also suspended in I ml of buffer. Aliquots 

of all the fractions were taken for liquid scintillation 

counting. Subccllular fractions as well as plasma 

(I ml) were extracted twice with 5 ml of diethyl 

cther:cthyl acetate (9: I). The combined organic 

phases were evaporated under a stream of nitrogen 

and the metabolitcs dissolved in 2 ml of toluene. 

Aliquots of both the extractable (organic phase) as 

well as from the non-extractable (aqueous) phase 

wcrc taken for liquid scintillation counting. 
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Fig. I. Lineweaver-Burke plots for the determination of 
inhibition constants (K,) of toremifenr metabolites. Rat 
uterine cys~osol was prepared and competition by 
toremifenc metabolites for [ ‘Hlestradiol binding lo the 
estrogen receptor was determined as described in the text. 
The concentrations of competitors are shown in the figure 
and the plots were determined with the aid of a least squares 
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approximations since the free concentrations of 
the metabolites were not measured. Attempts to 
measure directly the binding affinity of [‘HITOR 
and [ ‘HITAM using centrifugal ultrafiltration 
were unsuccessful due to extensive nonspecific 
binding. 

1OREMlFENE 

Plasma radioacticity following administration of 
[‘HJTAM or [‘HJTOR 

Figure 3 illustrates the distribution of solvent 
extractable and water soluble radioactive metabolites 
at 1.8 and 72 h following administration of [ ‘HITAM 
or (‘HITOR. The results, normalized to the same 
dose of radioactivity, indicate that the clearance of 
the two compounds is quite different. Surprisingly, 
the total plasma radioactivity following [ ‘HJTAM at 
72 h was equal to or greater than that found at I h 
whereas the plasma level of [ ‘HITOR and metabolites 
declined about 80% over this period. The difference 
in total tritium levels at 72 h was highly significant. 
However, virtually all of the [‘HITAM derived 
plasma radioactivity was water soluble at 72 h. On 
the other hand, only 25-30% of [‘HITOR derived 
radioactivity was solvent extractable and this 
difference was also highly significant. The identity of 
the water soluble plasma radioactive mctabolites 
was not investigated although preliminary expcri- 
ments using limpet aryl sulphatasc and bcta-glu- 
curonidase indicated that most of the [rH]TAM 
mctabolitcs were conjugated with glucuronic acid 
(data not shown). 
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Fig. 2. Inhibition constants of toremifene and tamoxifen 
metabolites. The K,‘s of various antiestrogen metabolites . . . . .-. 
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Fig. 3. Plasma distribution of antiestrogens injected into 
rats. [ ZH]Antiestrogens (35 x IO” cpm/rat) were injected into 
rats and the plasma distribution of metabolites between 
ether:ethyl acetate (9: I) extractable and non-extractable 
were determined at 3 time periods. Data were normalized to 
account for the diRerent specific activities of the two anti- 
estrogens. Each bar represents the mean f SEM. n = 3. 

Significance levels: l P c 0.05; l **f c. 0.001. 

Uterine uptake and distribution of toremlfene und 
tamoxlyen 

The subcellular distribution of radioactivity in the 
uterus I h following injection of both antiestrogens is 
shown in Fig. 4. In each cast 75-80% of the radioac- 
tivity was present in the nuclear extracts whereas only 
5-8% was associated with the mitochondrial and 
microsomal fractions. About 10% the total radioac- 
tivity was recovered in the cytosol fraction after I h. 
Clearly, the major portion of the radioactivity 

NUCNU8 c~tc.md ukma0m.r ultoCMndr* 

Fig. 4. Subcellular distribution of injected [‘Hlantiestrogens. 
[‘HjAntiestrogens (35 x lo6 cpm/rat) were injected into rats 
and the amount of [ ‘Hjantiestrogen bound to uterine sub- 
cellular fractions I h after injection was determined. Each __ 

were determmed as described In the text and Ftg. 1. bar represents an average ot 3 expenments. 
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derived from both antiestrogens in the uterus was 
associated with the nuclear fraction. As determined 
by HPLC most of the radioactivity present in the 
nuclear fraction at I h could be accounted for by 
unmetabolized [‘HITAM or [‘HITOR. Figure 5 
compares the relative amounts of [‘HITOR and 
[‘HITAM and their 4-hydroxy metabolites recovered 
from the nuclear fractions after I. 8 and 72 h. Al- 

though there appeared to be more [‘HITOR than 
[‘HITAM at I h this difference was not statistically 

significant. Also shown in the inset of Fig. 5 are the 
ratios of the parent compounds to their 4-hydroxy 
metabolites. After 72 h, the amount of [‘HIOH-TAM 
exceeded that of [‘HITAM whereas the amount of 
[‘HITOR recovered was still about twice the amount 
of [ ‘H]4-OH-TOR. 

Antiestrogetl blockade of [.‘Hjestradiol uptake by the 
uterus 

In another series of experiments nonradioactive 
antiestrogens (100 mg/kg) were administered to 
ovaricctomized female rats by a gastric tube. Three or 
seven days later, [?H]estradiol (2 x IO’cpm, i.p.) was 

injcctcd I h before sacrifice. Uterine weights were 
dctcrmincd and total plasma and uterine radio- 
activity was measured. The results were compared 
with those obtained with rats-receiving vehicle (5% 
mcthylccllulosc) alone. The results shown in Fig. 6 
indicate that uterine weights wcrc above control 
values 3 and 7 days after administration of both 
antiestrogens. Indeed. the increase over control was 
greater (45-50X) at 7 days. Both total uterine con- 
tent of [‘HJEZ and the amount extractable from the 
utcrinc nuclei measured I h after [‘H]E2 injection 
were reduced by administration of both antiestrogens 

L,_ 
I 6 72 

Fig. 5. Nuclear retention of antiestrogens. (‘Hjantiestrogens 
were injected into rats as described in Fig. 3 and crude nuclei 
isolated (see Methods). The radioactivity was extracted with 
ether:ethyl acetate (9: I) and an aliquot counted for recov- 
ery. The remaining extract was analyzed by HPLC for 
metabolites. Inset shows the ratio of antiestrogen to its 
J-OH metabolite. Each point represents mean f SEM. 
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Fig. 6. Anticstrogen blockade of [‘lljE2 uptake anticstro- 
gens (100 mg/kg) were administcrcd to rats and 3 or 7 days 
later [‘Hlestradiol uptake at I h was measured as described 
in text. Uterine weights as well as amount of [‘HJEZ in 
plasma. uterus and uterine nuclei wcrc determined. Each bar 

reprcscnts the mean average of 3 experiments. 

72 h earlier. Nuclear [‘H]E2 was suppressed 70 and 
90% by administration of TOR and TAM, respect- 
ively. However, after one week had elapsed from the 
time of TAM administration no effect on nuclear 
uptake of [‘H]EZ was observed. In contrast 3-fold 
more [‘H]EZ was found in the uterus and nuclear 
[‘H]E2 content was increased nearly 2-fold above 

control levels by administration of TOR 7 days 
earlier. 

DISCUSSION 

It is generally agreed that the triphcnylethylene 
type of antiestrogens exert their effects by direct 
competition with estradiol for binding to the estrogen 
receptor [9, IO]. Abundant evidence exists suggesting 
that the resulting antiestrogen-receptor complex does 
not have the proper conformation required for inter- 
action with the genomic regulatory binding sites 
occupied by the normal EZ-receptor complex (I I]. 
The fact that antiestrogcnic potency correlates at 
least roughly with binding affinity for the estrogen 
receptor supports this view [IZ]. The results of our 
binding studies with TAM and 4-OH-TAM are in 
agreement with the results of others although we find 
that 4-OH-TAM only has about a IO-l2-fold higher 
affinity than TAM [ 12. 131. A similar relationship was 
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observed with TOR and 4-OH-TOR and therefore it 
is to be expected that following prolonged adminis- 
tration of the parent compounds the higher affinity 
metabolites will occupy more of the receptor. Indeed 
this is what was observed in the present experiments 
(Fig. 6). However, caution must be exercised in 
extrapolating in oirro estimates of binding affinity 
to in ho results. As pointed out earlier [7] large 
errors are possible, indeed, likely with lipophilic 
ligands, when binding affinities are estimated without 
knowledge of free ligand concentrations. Nonethe- 
less. it seems likely that metabolism of the diethyl- 
aminohydroxy side chain reduces the binding affinity 
of TOR metabolites (Fig. 2). The failure to detect 
significant amounts of [‘Hlmetabolites of TOR 
other than 4-OH-TOR is consistent with the in vitro 

binding results. 
Studies of uterine uptake and subcellular distri- 

bution revealed little difference in the behavior of 
TOR and TAM. Both compounds were accumulated 
by uterine nuclei to about the same extent when the 
results were normalized to the same dose of tracer. 
Although direct comparisons with retention of 
[‘H]E2 were not made it is apparent that both 
antiestrogcns arc lost from the nucleus more rapidly 
than is cstradiol. This is to be expected at early times 
(1-8 h) since the parent compounds TAM and TOR, 
which have much lower affinity for ER than E2, are 
the predominant species. AS mentioned earlier, how- 
cvcr, it is of interest that the proportion of both 
4-hydroxy mctabolitcs incrcascs with time reflecting 
the slow rate of production but higher affinity for the 
estrogen receptor. In order to obtain results more 
relevant to the administration of therapeutic levels of 
anticstrogcns, we used an approach similar to that 
dcscribcd by Jordan and his associates 1141. When the 
ability of the antiestrogens to block uterine accumu- 
lation of (‘HJE2 was examined, the results (Fig. 6) 
indicated that both TOR and TAM at a dose of 
I00 mg/kg block uterine uptake of [‘H]E2 given 72 h 
later. Tamoxifen was more effective in this regard 
particularly in preventing binding of [‘H]EZ to nu- 
clear receptors. Presumably the inhibition of (‘H]E2 
uptake resulted from occupation of the receptors by 
the cl-hydroxy metabolites of the antiestrogens. The 
results obtained one week after administration of the 
drugs were somewhat surprising. Both antiestrogens 
still appeared to exert an estrogenic effect on the 

uterus since uterine weights were 45-50% above 
control. Furthermore, total-uterine uptake of [‘H]EZ 
was enhanced by both compounds although the effect 
of TOR was much larger (300 vs 150%). Also, TOR 
administration one week earlier nearly doubled the 
amount of nuclear bound [‘H]EZ at I h whereas 
TAM had no effect. Since uterine weights were 
stimulated to the same extent these results could 
suggest that TOR has a greater stimulatory effect on 

the level of uterine estrogen receptors than does 
TAM. This could reflect differences in metabolism 
resulting in greater agonist activity during long-term 

administration of TOR. However, much more data is 
required to evaluate E2 uptake and effects when 
studied against the phannacokinetic background of 
both antiestrogens. 

The patterns of radioactivity found in plasma 
showed marked differences following administration 
of [jHJTAM and [‘HITOR (Fig. 3). After I h the 
concentrations of radioactivity were similar for both 
compounds. However, after 72 h, the plasma level of 
[‘HITOR derived material had declined about S-fold 
whereas little change was found with [‘HITAM. This 
difference in behavior of the two antiestrogens was 
clearly evident 8 h after administration. These pat- 
terns may reflect important differences in metabolism 
between the two compounds since a much greater 
proportion of TAM associated tritium was found to 
be water soluble. This was particularly evident at 72 h 
when very little TAM-derived radioactivity could 
be extracted with solvent. Previous studies in the 
rat demonstrating extensive enterohepatic recycling 
of TAM metabolities are in accord with this 
observation. It is possible that the presence of the 
chlorine atom in TOR reduces the rate of hepatic 
metabolism and/or conjugation to water soluble 
metabolites. Further investigation of this point 
seems warranted since similar results were found in 
uterine cytosol and it is reasonable to assume that 
glucuronic acid conjugates of these antiestrogens are 
inactive as is the case with natural steroid hormone 
metabolites. 

In summary, the results demonstrate that the new 
antiestrogen toremifene is very similar to lamoxifcn 
with respect to in oitro binding to the estrogen 
receptor, metabolism and in oiuo uptake. Clearly the 
relative merits of the two compounds as therapy for 
human breast cancer cannot be assessed by such 
experiments. Differences in tolerance, pharmaco- 
kinetics or even mechanism of action in humans may 
prove to be important in selecting one or the other 
compound for therapeutic use. 
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