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Abstract— The therapeutic efficacy of a new antioestrogen, trioxifene, was compared
with that of tamoxifen and ovariectomy against rat mammary tumours induced by
N-nitrosomethylurea. In control animals, all but 1/59 tumours either progressed (52) or
remained static (6) and 31 new tumours appeared. All 3 modes of therapy were highly
effective. Trioxifene mesylate, (300 ug s.c. daily) induced regressions in 26/61 (42.6%)
tumours, and stasis in 13 (21.3%). Nine new tumours appeared during !rioxifene
treatment. Tamoxifen (200 pug s.c. daily), produced regression of 22/50 tumours
(44.0%), while 19 (38.0%) remained static and 2 new tumours developed. Ovariectomy
caused regression of 35/56 (62.5%) tumours, growth was inhibited in another 8
(14.3%) and 2 new tumours developed. Regression after ovariectomy was greater
compared with trioxifene therapy (P <0.04), but no different for ovariectomy and
tamoxifen, or tamoxifen and trioxifene.

The relative binding affinity (RBA, OE,;= 100) of trioxifene (8.8-11) for NMU-
induced mammary tumour oestrogen receptors was consistently 45X greater than that of
tamoxifen. The comparative study in vitro did not parallel the finding in vivo.
However, the RBA of monohydroxytamoxifen, a metabolite of tamoxifen, was the same
or 2X greater than that of oestradiol, suggesting that tamoxifen’s action may be
facilitated by conversion to active metabolites. Further study of trioxifene’s metabolites
may increase our understanding of its mechanism of action in vivo.
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ovariectomy or treatment with tamoxifen [6, 7].
These tumours offer some advantages over the
more widely used DMBA-induced rat mam-
mary tumour model. Virtually all of them are
carcinomas, spontaneous regressions are un-
common, they are locally invasive, and may
metastasize to distant sites [6, 7).

This report describes the ability of trioxifene
to cause regression of NMU-induced mammary
carcinomas, and compares the efficacy of this
compound with ovariectomy and tamoxifen
therapy. In addition, the inhibition of oes-
tradiol binding to the oestrogen receptor of
these tumours in vitro is discussed.

MATERIALS AND METHODS

Trioxifene mesylate was a gift from Eli Lilly
and Co., Indianapolis, Indiana; tamoxifen and
monohydroxytamoxifen were gifts from Stuart
Pharmaceuticals, Division of ICI Americas,
Inc.,, Wilmington, Delaware. NMU was pur-
chased from ICN Pharmaceuticals Inc., Plain-
view, New York, oestradiol-178 from Sigma
Chemicals Co., St. Louis, Missouri, and
diethylstilboestrol from Nutritional Biochemi-
cals Corp., Cleveland, Ohio. [6,7°H] Oes-
tradiol-178 (60 Ci/mmol) was obtained >96%
pure from the Radiochemical Centre, Amer-
sham, Buckinghamshire, England, and was
used without further purification. TEM buffer
(60 mM Tris; 1.5 mM EDTA; 0.b mM a mono-
thioglycerol, pH 7.4) was used for studies in
vitro. Dextran-coated charcoal was prepared
for use by diluting a 2.5% charcoal and 0.25%
dextran T70 suspension in 100 mM Na phos-
phate buffer (pH 7.4) obtained from Wein
Laboratories, Inc., Succasunna, New Jersey
1:10 with TEM buffer.

Mammary tumour induction and endocrine

therapies

Carcinomas were induced in female
Sprague-Dawley rats (King Laboratories,
Oregon, Wisconsin) by administering NMU in
$ i.v. injections of 5 mg/100 g body weight at 4
weekly intervals, the first being given when the
animals were 50-55 days old [6, 7]. Tumour size
was measured at weekly intervals with a caliper,
and the surface area calculated as previously
described [7].

Animals were allocated to 1 of 4 groups,
which were matched as closely as possible for
average tumour size, and duration of the latent
period. Treatment was commenced when at
least 1 tumour had a maximum diameter of
approximately 2.0 cm. The 10 rats, with a total
of 28 tumours, in the control group were given

daily s.c. injections of 0.2 ml corn oil. Fourteen
rats, initially bearing 54 tumours, were sub-
jected to bilateral ovariectomy. Fourteen rats,
with a total of 48 tumours, received tamoxifen,
and 14, bearing 52 tumours, were ireated with
trioxifene. Tamoxifen was administered s.c. in
a dose of 200 pg/day dissolved in 0.2 ml of corn
oil. Trioxifene was given as the mesylate in a
daily dose of 300 ug (equivalent to 247 pug of
the free base) by s.c. injection. Because of poor
solubility the drug had to be given as a suspen-
sion in corn oil. The amount of free base
equivalent was therefore increased by ap-
proximately 25% relative to the dose of tamox-
ifen.

Administration of the antioestrogens, and
evaluation of responses to endocrine therapy,
were continued for 4 weeks. Tumour responses
were classified as: regression, a decrease in
surface area of 50% or more; progression, an
increase of 50% or more; or static.

Inhibition of [*H] oestradiol binding in vitro

Tissue from an NMU-induced tumour was
rinsed in ice-cold TEM buffer, and homo-
genized in the same buffer (1:10w/v) using
3 X hsec bursts of a Polytron PT10-35 tissue
homogenizer (Brinkmann Instruments, Inc.,
Westbury, New York) with 30sec cooling in-
tervals in an ice/water mixture. Homogenates
were centrifuged at 120,000 g for 1 hr to obtain
the cytosol. Incubation mixtures were set up by
adding 480 ul of cytosol to each assay tube in
an ice/water bath. Ethanol (20 ul) containing
[2H] oestradiol to give a final concentration of
3.7 nM was added, alone or with a competitor,
to each tube. The ranges of the concentrations
of the competitors in the incubation mixture
were: oestradiol and monohydroxytamoxifen,
3.3x107"° to 1.0x 107" M; tamoxifen, 3.3 x 107
to 1.0X107°M; trioxifene, 3.3x10™° o 1.0X
10°M. All tubes were set up in duplicate,
together with a set of tubes containing [*H]
oestradiol and 1x10°M diethylstilboestrol to
determine non-specific binding of oestradiol.

Three incubation conditions were used for
each experiment: 30° for 30 min, 20° for 4 hr,
and 0—4°C for 22 hr. At the end of the incubation
period the tubes were allowed to cool for 5 min
in ice-water, and 1 ml of dextran-coated char-
coal suspension was added. Incubation was
continued at 0-4°C for 20 min with occasional
shaking. The tubes were then centrifuged at
1500 g for 5 min, and the supernatants decan-
ted into 10ml of ACS scintillant (Amersham
Corp., Arlington Heights, Illinois) and the
radioactivity counted for 10min in a Tricor
Analytic Mark III liquid scintillation spec-
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trometer. Results were converted to dpm by an
automatic standardization technique. The in-
hibition curves for each competitor were plot-
ted, and the RBAs calculated from the follow-
ing relationship.

test, P < 0.01). Table 2 shows that all but one of
59 tumours either progressed, or remained
static, and 31 new tumours (average 3.1/rat)
developed in the untreated group. Three rats
died during the 4 week study.

RBA = 100 X molar concentration of oestradiol for 50% inhibition of specific binding
molar concentration of competitor for 50% inhibition of specific binding’

RESULTS

Tumour responses to endocrine therapies

The responses of tumours in the control and
three treatment groups are summarized in
Table 1. The posttreatment surface area refers
to the measurement after 4 weeks of obser-
vation, or the last measurement before death.
There were no significant differences by the
Krustal-Wallis test between the surface areas of
the controls and the animals allocated to the
treatment groups before starting therapy. The
mean total tumour area of the controls in-
creased approximately 4-fold during the 4
week observation period (Wilcoxon paired rank

In the ovariectomized group, there was no
significant difference in the mean total surface
areas before and after 4 weeks of evaluation,
but the posttreatment difference from the con-
trols was highly significant (P <0.001). Regres-
sions occurred in 35 of 56 tumours (62.56%),
while 8 remained static and only 2 new tumours
(average 0.1/rat) appeared after castration
(Table 2). There were no deaths in this treat-
ment group.

Tamoxifen and trioxifene were both effective
in preventing tumour progressions (Table 1
and 2). Regressions occurred in 22 of 50
tumours (44.0%) treated with tamoxifen, and
19 (88.0%) remained static. Only 2 new tumours

Table 1. The mean tumour surface areas (=SD) of controls, and before and after treatment with
ovariectomy, tamoxifen or trioxifene

Mean tumour area (cm?)

Body weight (g)

Group Pretreatment Posttreatmentt Pretreatment Posttreatment
Controls (10)* 5.88 +3.26 21.99 +8.81 224+ 12 243 + 4]
Ovariectomy (14)  7.26 +4.37 533 +5.162 231x15 275 + 15|
Tamoxifeny (14) 6.61+2.69 6.58 + 3.80% 238 + 14| 248 + 17
Trioxifene**(14) 6.66 = 3.30 9.28 +9.218 228+ 14 238 + 14

*Numbers in parentheses, number of animals in each group.

tThe observation/treatment period was of 4 weeks duration, or until death.
1Significantly different from the control group, P <0.001.

§Significantly different from the control group, P < 0.003.

|Significantly different from the control group, P < 0.02.

9200 g s.c. once daily.
**300 ug of the mesylate s.c. once daily.

Table 2. Responses of individual tumours and deaths in controls and rats treated with overiectomy,
tamoxifen or trioxifene

Group Initial tumours New tumours Regression Static Progression  Died*
Controls 28 31 1 6 52 3
Ovariectomy 54 2 35+ 8 13 0
Tamoxifen 48 2 22t 19 9 0
Trioxifene 52 9 2611 13 22 2

*All deaths occurred at least two weeks after commencing treatment.
tSignificantly different from the control group, P < 0.0001 (Fisher’s exact test).
1Significantly different from the ovariectomized group, P < 0.04 (x? test).
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(average 0.1/rat) developed during tamoxifen
therapy, and there were no deaths. Trioxifene
induced regressions in 26 of 61 tumours
(42.6%), and inhibited further growth in 13
(21.3%) others. Nine new tumours appeared
(average 0.6/rat), and 2 animals died.

The Kruskal-Wallis test was applied to the
data to provide a comparison between more
than 2 groups. The difference in overall growth
rates, based on the changes in total tumour
areas, between the controls and the three
treatment groups was highly significant (P <
0.001). There was no significant difference in
the extent of the responses between the 3
modes of therapy, as judged by the tumour
total surface areas, although the trend was for
ovariectomy to be more effective. Similarly,
there was only a marginal difference in the
frequency of regressions between the ovariec-
tomy and trioxifene-treated groups (P < 0.04),
and none between castration and tamoxifen, or
tamoxifen and trioxifene (Table 2).

[*H] Oestradiol binding in vitro

In preliminary experiments (not shown) each
of the incubation conditions was found to
produce equilibrium binding of [*H] oestradiol.
For each of the incubation conditions, oes-
tradiol and the antioestrogens inhibited the
binding of [*H] oestradiol in the cytosol in a
concentration-related manner. The data
obtained using 20°C for 4 hr are shown in Fig. 2.
Trioxifene was 4 to 5 times more active than
tamoxifen, and each produced a consistent
RBA regardless of the procedure used (Table
3). Similarly, oestradiol produced 50% in-
hibition of [*H] oestradiol binding at 3—4 nM in
each assay. In contrast, monohydroxy-
tamoxifen has a consistently higher RBA
than oestradiol at 20 and 30°C.

DISCUSSION

Trioxifene, in a dose of 247 ug free base
daily, produced regression, or inhibited further
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Fig. 2. Effect of increasing concentrations of mono-
hydroxytamoxifen ((J), oestradiol (O), trioxifene (A) and
tamoxifen (A\) on the specific binding of [*H] oestradiol
(3.7 nM) in NMU-induced rat mammary tumour cytosol.
Duplicate incubations were at 20°C for 4 hr. The con-
centration of unlabelled oestradiol to give 50% inhibition
was 3.9 nM. Specific [*H] oestradiol binding (100%) in
control was 13,631 dpm. For further details see Materials
and Methods.

growth, in the majority of NMU-induced rat
mammary tumours. Although ovariectomy
appeared to be somewhat more effective, no
difference was found in the efficacy of trioxi-
fene and tamoxifen at the doses employed.
These results do not, of course, exclude the
possibility that differences in antitumour
activity of the two antioestrogens might emerge
using other dosage schedules, but they are
consistent with the similar oestrogenic poten-
cies of tamoxifen and trioxifen in the ovariec-
tomized mouse[4].

Inhibition of [®*H] oestradiol binding to oes-
trogen receptors derived from NMU-induced
tumours by tamoxifen and trioxifene was used
to quantify the relative activities of the antio-
estrogens. The use of this assay does not imply
a belief that antioestrogens only have a direct
antitumour action via the oestrogen receptor.
In the DMBA-induced rat mammary car-
cinoma model, antioestrogens interact with the
tumour oestrogen receptor system in vivo [8, 9)
and in vitro [10], but overall the antitumour
effects are probably facilitated by interaction
with oestrogen receptor systems in other sites,

Table 3. Binding affinities of monohydroxytamoxifen, trioxifene,

and tamoxifen relative to oestradiol-178 (100) data calculated for

the 50% inhibition of the specific binding of *H] oestradiol-178

(3.7 nM) in an NMU-induced rat mammary tumour cytosol under
various incubation conditions

Incubation conditions

Compound 30°C, 0.5 hr. 20°C, 4hr. 4°C, 22 hr.
Monohydroxytamoxifen 238 230 117
Trioxifene 11 8.8 9.5

Tamoxifen 2.1 1.7 2.3
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for example the hypothalamo-pituitary axis
[11]. Similarly, in the NMU-induced tumours
direct and indirect mechanisms may be in-
volved in antioestrogen-mediated regressions.
Nevertheless, trioxifene was consistently 4 to 5
times more active than tamoxifen in vitro; a
result at variance with the findings in vive.

It has been suggested that some anti-
oestrogens are pro-drugs [12], being converted
to polar metabolites before binding in oes-
trogen target tissues [13]. In the rat tamoxifen
is metabolized to monohydroxytamoxifen (Fig.
1), a compound with a high affinity for the
oestrogen receptor (Fig. 2), potent antioes-
trogenic activity [14], and antitumour activity in
the DMBA-induced rat mammary carcinoma
model [15]. [*H] Monohydroxytamoxifen has

been isolated from rat uterine nuclei after the
administration of [*H] tamoxifen [16], and the
antioestrogenic activity of tamoxifen in vivo has
been suggested to be the result of the com-
bined effects of the parent compound and its
metabolites [17]. The antitumour effects of
tamoxifen in the rat probably also represent
the combined activities of the parent com-
pound, and its major non-conjugated metabol-
ite monohydroxytamoxifen.

There is no information concerning the
metabolism of trioxifene in animals or man. A
precise study of the pharmacological properties
of trioxifene metabolities is clearly mandatory
in order to understand the mechanism of
action of the drug in animal and human
cancers.
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