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THE BINDING OF [*H]-OESTRADIOL-178 IN THE IMMATURE RAT
UTERUS DURING THE SEQUENTIAL ADMINISTRATION OF NON-
STEROIDAL ANTI-OESTROGENS

V.C. JORDAN & KAREN E. NAYLOR

Department of Pharmacology, Medical and Dental Building, The University,

Leeds LS2 9JT

1 The binding of [*H]-oestradiol-178 (0.08 pg) in the uterus, vagina, liver and heart of immature
female rats has been studied in vivo and the effect of daily administrations of the non-steroidal
anti-oestrogens, tamoxifen and monohydroxytamoxifen, on the 2h accumulation of [*H]-oestra-
diol-178 in the uterus has been determined.

2 Doses of tamoxifen (8 pg daily) or monohydroxytamoxifen (1.28 pg daily), which have previously
been found to antagonize completely the uterotrophic activity of oestradiol-17f (0.08 ug daily), did
not significantly reduce the total uterine binding of 0.08 pg [*H]-oestradiol-178 administered on
day 4 of a 3-day uterine weight test.

3 The simultaneous administration of tamoxifen (8 pg) or monohydroxytamoxifen (1.28 pug) with
[3H]-oestradiol-178 (0.08 ug) on day 3 of a uterine weight test did not significantly reduce the
total uterine binding of oestradiol-178. The binding of [*H]-oestradiol-178 was reduced if mono-
hydroxytamoxifen or tamoxifen was administered 4 h before the oestradiol.

4 Tamoxifen (8 pg daily) or monohydroxytamoxifen (1.28 pug daily) did not prevent the translocation
of [3H]-oestradiol (0.08 ug) to the uterine cell nucleus on day 3 of a 3-day uterine weight test.

5 The measurement of total nuclear oestrogen receptors by an exchange assay technique demon-
strated a higher concentration of oestrogen receptors in anti-oestrogen-treated animals compared
with controls.

6 Since the administration of anti-oestrogenic doses of non-steroidal anti-oestrogens during a 3-day
uterine weight test did not inhibit the total binding of oestradiol in the uterus, or affect the transloca-
tion of the steroid to the nucleus, the mechanism of action of non-steroidal anti-oestrogens over
the range of the partial agonist dose-response curve must involve an interaction, or competition

of oestradiol-17f- and anti-oestrogen-oestrogen receptor complexes for sites within the nucleus.

Introduction

Oestradiol-178 is believed to stimulate uterine growth
by binding to proteins (oestrogen receptors) located
in the cell cytoplasm. The steroid-receptor complex
which results is transformed (the molecular form of
the protein changes from 4S to 5S) and is then trans-
located to the nucleus (Jensen & DeSombre, 1973)
where increased RNA polymerase activity is initiated
(Hamilton, 1968). As a result, uterine RNA and pro-
tein levels increase (Aizawa & Mueller, 1961) and the
depleted cytoplasmic oestrogen receptors are replen-
ished by resynthesis (Sarff & Gorski, 1971). Cell divi-
sion occurs 24 to 48 h after the initial stimulus.
Non-steroidal anti-oestrogens have been shown to
compete with oestradiol-17f for the oestrogen recep-
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tor in vitro (Korenman, 1970; Skidmore, Walpole &
Woodburn, 1972) and exchange assay techniques
which can determine the concentration of ligand-filled
oestrogen receptors (Anderson, Clark & Peck, 1972),
have been used to demonstrate that anti-oestrogens
can translocate oestrogen receptors from the cyto-
plasm to the nucleus (Clark, Anderson & Peck, 1973;
Katzenellenbogen & Ferguson, 1975; Capony &
Rochefort, 1975; Jordan, Dix, Rowsby & Prestwich,
1977b). The administration of a single large dose of
non-steroidal anti-oestrogen to immature rats pro-
duces a prolonged depletion of the cytoplasmic oes-
trogen receptor pool, an effect which was originally
interpreted as a specific inhibition of the oestrogen
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receptor resynthesis process which ultimately renders
the tissue refractory to future oestrogenic stimuli
(Clark, Peck & Anderson, 1974).

In earlier papers we have shown that small, yet
anti-oestrogenic doses of the non-steroidal anti-oes-
trogen, tamoxifen, do not inhibit the replenishment
of cytoplasmic oestrogen receptors or in fact com-
pletely deplete the cytoplasmic oestrogen receptor
pool (Jordan, et al,, 1977b). The depletion of cytoplas-
mic oestrogen receptors appears to be directly related
to the administered dose of the anti-oestrogen (Jordan
et al, 1977b; Jordan, Rowsby, Dix & Prestwich,
1978). The aim of the present experiments was to
extend our observation that uterine oestrogen recep-
tors are available for oestradiol binding in vivo during
the administration of non-steroidal anti-oestrogens in
an anti-oestrogenic immature rat uterine weight test.

Methods

The anti-oestrogens used were tamoxifen (ICI
46,474; trans 1-(4-B-dimethylaminoethoxyphenyl)-1,2-
diphenylbut-1-ene) and  monohydroxytamoxifen
(1-(4- B-dimethylaminoethoxyphenyl)- 1 - (4 - hydroxy-
phenyl)-2-phenylbut-1-ene).  [6,7->H]-oestradiol-178
(sp. act. 41 Ci/mmol) was obtained 98%; pure dissolved
in benzene/ethanol (9:1 v/v) from New England
Nuclear Corp. and was used without further purifica-
tion.

All subcutaneous injections were made in 0.1 ml
arachis oil. Oily solutions of non-steroidal anti-oes-
trogens were prepared by taking aliquots from freshly
prepared stock ethanolic solutions, adding the
required volume of arachis oil and evaporating the
ethanol, under a stream of N,, on a warm (60°C)
water bath. Oily solutions of [6,7-3H]-oestradiol-178
were prepared by evaporating aliquots to dryness,
adding a few drops of absolute ethanol and, after
adding the required volume of arachis oil, evaporat-
ing the ethanol as described above. :

Immature female rats (35 to 50 g) of the Alderley
Park strain were used throughout.

Distribution of [6,7-3H]-oestradiol-17p

Rats were randomized into groups of six. Each ani-
mal received a single dose of 0.08 ug [6,7->H]-oestra-
diol-178 which was injected subcutaneously into the
dorsal skin at the back of the neck. Animals were
killed by stunning and cervical dislocation at 0.5, 1,
2, 4 and 8h after injection. Uteri, vaginae, a piece
of liver and the apex of the heart were dissected out,
blotted to remove blood before weighing on a torsion
balance. Tissues were dried overnight in a 40°C oven
and reweighed. Samples were wrapped in 1 inch
squares of paper tissue and individually burnt in a

2ackard Tri-Carb Tissue Oxidiser. The resulting tri-
tiated water was collected into 10 ml tritium scintil-
lator (6g butyl PBD [2(4-1-butylphenyl)-5-4"bi-
phenylyl-1,3,4-oxadiazole], 100 g naphthalene, 45 ml
methanol, 135 ml toluene, 720 ml dioxan) and counted
for 5min in a Beckman LS 330 Liquid Scintillation
Spectrometer. Counting efficiency was determined by
an automatic external standard.

Effects of tamoxifen and monohydroxytamoxifen on the
uterine uptake of [6,7-3H]-oestradiol-17f in vivo

Rats were randomized into groups, each of six ani-
mals. Rats received daily subcutaneous injections of
tamoxifen (2, 8 or 32 ug) or monohydroxytamoxifen
(0.32, 1.28 or 5.12 pg) on three consecutive days. Con-
trol animals were injected with arachis oil (0.1 ml).
On day 4, 24 h after the last injection, each animal
received a single injection of 0.08 ug [6,7->H]-oestra-
diol-178. Two hours later animals were killed, uteri
were dissected out and processed as described above.

To determine whether non-steroidal anti-oes-
trogens inhibit the binding of oestradiol on day 3
of the uterine weight test, rats (6 rats/group) were
injected with tamoxifen (8 pg) or monohydroxytamox-
ifen (1.28 pug) on two consecutive days and then on
day 3 tamoxifen or monohydroxytamoxifen was in-
jected and 0.08 pg [6,7-*H]-oestradiol was injected
simultaneously or 4h later. Control rats received
daily injections of arachis oil (0.1 ml) before [3H]-oes-
tradiol and another group received injections of anti-
oestrogens on two consecutive days and was not in-
jected with anti-oestrogen when the [3H]-oestra-
diol-178 was injected. Uteri were dissected out 2h
after the administration of [3H]-oestradiol and pro-
cessed as described before.

The results were expressed as fmol [3*H]-oestradiol/
uterus or fmol [3H]-oestradiol per mg wet weight and
dry weight of tissue. Statistical comparisons between
group means were made by Student’s ¢ test.

Determination of oestradiol binding in uterine nuclei

Thirty rats were randomized into three groups each
of ten. Groups received injections of tamoxifen (8 pg)
or monohydroxytamoxifen (1.28 ug) on two consecu-
tive days. The control group received injections of
arachis oil (0.1 ml). On day 3, each rat was injected
with 0.08 ug [6,7-3H]J-oestradiol-178 and killed 2h
later. The uteri were dissected out and 2 uteri were
pooled from groups and homogenized in STED buffer
(sucrose 0.25 mol/l, Tris 0.01 mol/L, disodium edetate
(EDTA) 0.0015 mol/l and dithiothreitol 0.0005 mol/l,
pH 7.4) with an Ultraturrax tissue homogenizer
cooled in ice/water. The homogenates were centri-
fuged at 2300 g for 30 min (4°C) in an MSE Super-
speed 18. Supernatants were discarded and the crude



nuclear pellets were each extracted with 1 ml absolute
ethanol for 10 min at 22°C. Samples were centrifuged
at 2000g for 20 min (6°C) and supernatants were
added to 10ml tritium scintillator and counted as
before.

In a separate experiment three groups of ten rats
were injected with tamoxifen- (8 pg), monohydroxy-
tamoxifen (1.28 pg) or arachis oil (0.1 ml) on two con-
secutive days. On day 3 all animals received an injec-
tion of 0.08 ug non-radioactive oestradiol-17f and
then were killed 2 h later. Pooled uteri (2) were hom-
ogenized as described above and the homogenates
were centrifuged at 100 g for 10 min (4°C). The super-
natants were stored and the crude pellet was resus-
pended in 1.5 ml STED buffer and the procedure was
repeated twice more. The pellet was stored for DNA
determination according to the methods described by
Burton (1956). The pooled supernatants were centri-
fuged at 800 g for 10 min (4°C) and the pellet nuclei
were then resuspended in 1.6 ml STED buffer and
800 ul was used for the determination of nuclear occu-
pied oestrogen receptors by [3H]-oestradiol
exchange. Our procedure to determine the concen-
tration of oestrogen receptors in the nucleus was an
adaptation of the method described by Anderson et
al. (1972) and has been published in detail elsewhere
(Jordan et al., 1977b). The total uterine DNA values
were calculated by adding together the crude pellet
DNA value and the total DNA value for the nuclear
suspension. The results of the [3H]-oestradiol
exchange on an aliquot of the nuclear suspension
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were normalised to whole uterine values and the
results were represented as fmol [ 3H]-oestradiol bind-
ing per uterus.

Results
Distribution of [6,7-3H]-oestradiol-178

The administration of 0.08 ug [6,7-*H]-oestradiol to
immature female rats resulted in the rapid accumu-
lation of radioactivity in the uterus and vagina (oes-
trogen target tissues) with only low levels of radioac-
tivity accumulating in liver and heart (non-target
tissues). The levels of radioactivity in uteri and
vaginae remained high during an 8 h period after in-
jection whereas the levels in liver and heart muscle
were comparably small at 8 h.

Uterine radioactivity was maximal at 2h and this
time interval was used for the determination of uter-
ine [3H]-oestradiol levels in all subsequent experi-
ments.

Effect of tamoxifen and monohydroxytamoxifen on the
uterine uptake of [6,7-3H]-oestradiol-178 in vivo

Tamoxifen and monohydroxytamoxifen both pro-
duced a significant increase in immature rat- uterine
wet weight (Table 1). A significant rise in uterine wet
and dry weights occurred at all three dose levels,
although there were no significant differences between

Table 1

Effect of (a) tamoxifen and (b) monohydroxytamoxifen on the binding of [3H]-oestradiol

[3H]-oestradiol

binding
Daily dose of Uterine wet Uterine dry (fmol/mg wet wt.
compound (ug) wt. (mg) wt. (mg) tissue)
(@) Tamoxifen
Control 40.1 + 5.74 7.61 + 0.83 445 + 035
2 60.2 + 4.86* 10.66 + 0.91* 421 + 0.38
8 65.1 + 3.10** 12.55 + 0.76** 295 + 0.31***
32 71.3 4 2.53*%** 13.80 + 0.73*** 1.42 + 0.18***
(b)Y Monohydroxytamaxifen
Control 47.63 + 3.91 8.03 + 0.60 5.00 + 0.48
0.32 66.83 1 2.74** 12.48 + 0.68*** 4.15 + 034
1.28 71.03 + 3.58** 13.45 + 0.63*** 2.37 4+ 0.58**+*
5.12 64.32 + 1.65** 12.46 + 0.44*** 1.62 + 0.18***

[3H]-oestradiol
binding
(fmol/mg dry
wt. tissue)

232 +£243
23.7 £ 193
154 + 1.69*
748 + 1.01**

29.79 + 332

2231 + 196
12.58 1 0.53***
8.37 + 0.96***

[3H]-oestradiol
binding
(fmol/uterus)

18497 + 41.35
25732 + 42.20
189.57 + 16.11
100.53 + 11.41

241.83 + 3491
27517 + 18.80
170.46 + 14.14
104.27 + 12.11**

Mean uterine wet and dry weights of rats treated with different daily doses of tamoxifen or monohydroxy-
tamoxifen for 3 days. On day 4 animals were injected with 0.08 ug [6,7-*H]-oestradiol-178 and killed 2h later.
Levels of radioactivity in the uteri were determined as fmol [*H]-oestradiol binding per mg wet or dry weight
of uterus and fmol [*H]-oestradiol per uterus. All compounds were administered subcutaneously in 0.1 ml arachis
oil. Results represent mean + s.e. mean (6 rats per group).

Statistically significant change from control determined by Student’s t test: * P < 0.05; **P < 0.01;

*** P < 0.001.
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the anti-oestrogen treated groups. The uterine binding
of [6,7-*H]-oestradiol-178 of animals treated with
tamoxifen or monohydroxytamoxifen was expressed
in three ways: fmol [*HJ-oestradiol per mg dry or
wet weight and fmol [*H]-oestradiol per uterus
(Table 1). The dose-related inhibition of [3H]-oestra-
diol binding by the anti-oestrogens was similar
whether the results were expressed as fmol [3H]-oes-
tradiol per mg dry or wet weight of uterus. In the
animals treated with monohydroxytamoxifen, only
the group treated with 5.12 pg daily produced a sig-
nificant (P < 0.01) decrease in [3H]-oestradiol bind-
ing compared with controls if the results were
expressed as fmol [3H]-oestradiol per uterus. Simi-
larly the highest dose of tamoxifen (32 pg daily) pro-
duced a significant decrease (P < 0.01) in oestradiol
binding compared with the low dose (2pug daily)
tamoxifen-treated group but because of the spread of
results in the control group none of the tamoxifen-
treated groups was statistically different from the un-
treated value. The total uterine binding of [3H]-oes-
tradiol in groups treated with either 2ug or 8pug
tamoxifen daily was not significantly different.

The simultaneous administration of either mono-
hydroxytamoxifen or tamoxifen with [3H]-oestradiol
to antioestrogen pretreated animals did not inhibit
the total uterine binding of [3H]-oestradiol. No stat-
istical difference was observed between the total uter-
ine binding of [*H]-oestradiol in control, anti-
oestrogen pretreated or antioestrogen pretreated and
simultaneous anti-oestrogen injected groups (Figure 1).
The administration of anti-oestrogens 4 h before the
[3H]-oestradiol resulted in a significant decrease in
binding (tamoxifen, P < 0.01; monohydroxytamox-
ifen, P < 0.001) compared with the related anti-oes-
trogen pretreated control.

Determination of oestradiol binding in uterine nuclei

The administration of tamoxifen (8 pg) or mono-
hydroxytamoxifen (1.28 pg) for 2 days did not signifi-
cantly alter the accumulation of [*H]-oestradiol in
rat uterine nuclei. Control, tamoxifen- and monohy-
droxytamoxifen-treated groups contained 263 + 23.5,
267 + 27.5 and 248 + 5.3 fmol [3H]-oestradiol (+s.e.
mean) per uterus respectively. In contrast with these
findings, groups previously treated with tamoxifen
(8 ng) or monohydroxytamoxifen (1.28 pg) had signifi-
cantly (both, P < 0.001) higher levels of exchangeable
nuclear oestrogen receptors than controls (Figure 2).

Discussion
Large doses of non-steroidal anti-oestrogens produce

a prolonged depletion of the cytoplasmic oestrogen
receptor pool with a prolonged elevation of nuclear
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Figure 1 The effect of the administration of tamoxifen
(8 ug, s.c) or monohydroxytamoxifen (1.28 pg, s.c.)
simultaneously with or 4h before the administration
of [6,7-3H]-oestradiol-178 (0.08 pg, s.c.) on the total
uterine levels of radioactivity determined 2 h later. Ani-
mals were treated with tamoxifen on the two previous
days and control animals received arachis oil. The
results are mean values (n = 6); vertical lines indicate
s.e. mean. Comparison of —4h antioestrogen treated
groups with other values by Student’s r-test;
*P < 001: ** P < 0.001.

oestrogen receptor concentrations (Clark et al., 1973;
Katzenellenbogen & Ferguson 1975; Ruh & Bau-
dendistel, 1977). Originally it was suggested (Clark
et al., 1974) that non-steroidal anti-oestrogens inhi-
bited the resynthesis of cytoplasmic oestrogen recep-
tors but now several studies have demonstrated that
anti-oestrogens can replenish the cytoplasmic oes-
trogen receptor pool (Capony & Rochefort, 1975;
Jordan et al., 1977b; Koseki, Zava, Chamness &
McGuire, 1977a). It is therefore more likely that the
prolonged depletion of the cytoplasmic oestrogen
receptor pool is the result of a continuing transloca-
tion of resynthesized receptor to the nucleus by bind-
ing ligands in the blood. This view is consistent with
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Figure 2 The effect of tamoxifen (Tamox, 8 pg) mono-
hydroxytamoxifen (MHTamox, 1.28 ug) on the levels
of exchangeable oestrogen receptors in immature rat
uterine nuclei. Animals (10 rats per group) were treated
with tamoxifen or monohydroxytamoxifen on two con-
secutive days. Control (10 rats) received arachis oil. On
day 3, all animals received an injection of oestradiol-
178 (0.08 pg, s.c.) and 2 h later animals were killed. For
further details see Methods. Results represent mean
values (n = 5); vertical lines show s.e. mean. Treatments
vs control, P < 0.001 by Student’s ¢ test.
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the known long biological half life of non-steroidal
anti-oestrogens (Fromson, Pearson & Bramah, 1973;
Katzenellenbogen, Katzenellenbogen, Ferguson &
Kranthammer, 1978). Furthermore, since long acting
steroidal (Katzenellenbogen, Ferguson & Lan, 1977)
and non-steroidal oestrogens (Ruh & Baudendistel,
1977) can deplete the cytoplasmic oestrogen receptor
pool for a prolonged period, the loss of cytoplasmic
oestrogen receptors is unlikely to be the primary
mechanism of action of non-steroidal anti-oestrogens.

Rather than rely upon supramaximal doses of non-
steroidal anti-oestrogens to study anti-oestrogenic
mechanisms it was our aim to use small, yet effec-
tively anti-oestrogenic doses of tamoxifen and mono-
hydroxytamoxifen in order to study the uterine bind-
ing of oestradiol-178 in the 3 day immature rat uter-
ine weight test. The results demonstrate that the total
uterine binding of [3H]-oestradiol-178 is unimpaired
in animals that had been treated on three consecutive
days with monohydroxytamoxifen (1.28 pg) or tamox-
ifen (8 pg). The doses have previously been shown to
produce complete antagonism of the uterotrophic
effects of oestradiol-17f (0.08 pug daily) (Jordan, Col-
lins, Rowsby & Prestwich 1977a). However, as the
dose of the anti-oestrogen was increased the binding
of [¥H]-oestradiol-178 was reduced. This is consistent
with earlier observations that the depletion of the
cytoplasmic oestrogen receptor pool (determined in
vitro) in the immature rat is directly related to the
administered dose of an anti-oestrogen (Jordan et al.
1977b; Jordan et al., 1978). Although oestrogen recep-
tors are clearly available to bind [*H]J-oestradiol at
the end of a uterine weight test it was possible that
the simultaneous administration of oestradiol and an
anti-oestrogen during the test may result in the anti-
oestrogen reaching the target tissue first and occupy-
ing all the cytoplasmic oestrogen receptors. Oestrogen
antagonism would then result from a denial of oestra-
diol binding. The results show that the simultaneous
administration of non-steroidal anti-oestrogens and
oestradiol does not prevent the initial binding of oes-
tradiol in the uterus or inhibit the translocation of
oestrogen receptors to the nucleus. Therefore, oestra-
diol can bind within the uterus during an immature
rat uterine weight test, but the oestradiol cannot
stimulate a full uterotrophic response. This result is
consistent with a previous report (Katzenellenbogen
& Ferguson, 1975) that oestradiol can translocate oes-
trogen receptors to the uterine cell nucleus after the
administration of non-steroidal anti-oestrogens but
the nuclear oestradiol-oestrogen receptor complexes
are biologically inactive. It is possible therefore that
the elevated levels of nuclear anti-oestrogen-oestrogen
receptor complex observed in the present and pre-
vious studies (Clark et al. 1973; Capony & Rochefort,
1975; Katzenellenbogen & Ferguson, 1975; Jordan,
et al. 1977b; Koseki et al, 1977a) may inhibit the
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oestradiol-oestrogen receptor complex from interact-
ing at an as yet unidentified nuclear acceptor site.
Oestrogen antagonism would therefore occur at a
nuclear site.

Tamoxifen and monohydroxytamoxifen probably
both increase uterine wet and dry weight by trans-
locating oestrogen receptors to the nucleus. Unlike
oestrogens though, non-steroidal anti-oestrogens can
only stimulate a small increase in uterine DNA con-
tent (Jordan, et al., 1977b; Clark, Dix, Jordan, Prest-
wich & Sexton 1978; Dix & Jordan, 1978). This is
consistent with the observation that the non-steroidal
anti-oestrogens CI628 (Kang, Anderson & DeSombre,
1975), tamoxifen (Clark et al., 1978) and monohy-
droxytamoxifen (Dix & Jordan, 1978) can stimulate
luminal epithelial hypertrophy with virtually no in-
crease in endometrial mitoses. Although cell division
does not increase, anti-oestrogen-stimulated increases
in uterine proteins have been reported e.g. progester-
one receptors (Koseki, Zava, Chamness & McGuire
1977b; Jordan & Prestwich, 1977; 1978) and ornithine
decarboxylase (Bulger & Kupfer, 1977). The increase
in protein synthesis without an increase in cellularity
is probably the reason why the total uterine binding
of [*H]-oestradiol after tamoxifen (8 pg daily x 3) or
monohydroxytamoxifen (1.28 pg daily x 3) is not dif-
ferent from the untreated controls whilst the binding
of steroid expressed per unit weight is reduced. The

result implies that if oestrogen receptors are resynthe- .

sized to the cell requirements, then only a proportion
are available to bind [3H]-oestradiol since others are
being occupied by anti-oestrogen and translocated to
the nucleus. The proportion of available cytoplasmic
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