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Abstract—The antitumour activity of monohydroxytamoxifen has been compared with
tamoxifen in the DMBA-induced rat mammary carcinoma model. In general anti-
vestrogen therapy between 30 and 60 days after DMBA administration was more
successful than therapy belween 60 and 90 days after DMBA. Although monohydroxy-
lamoxifen was a more polent antioestrogen than tamoxifen and equivalent dosage
regimens were more effective at reducing cytoplasmic oestrogen receplor concentrations in
the ovariectomized rat uterus, tamoxifen appeared to be a more potent antitumour agent.
The administration of 4 weekly courses of tamoxifen (0.2, 3, 50 or 800 ug daily, 5
times a week) starting 30 days after DMBA produced a dose-related delay in tumour
appearance and a decrease in lumour numbers. By contrast, monohydroxytamoxifen
(0.012, 0.2, 3 or 50 ug daily, 5 times a week) was only weakly active at delaying
tumour appearance although tumour numbers were reduced. Most of the tumours that
developed in groups previously treated with antioestrogens regressed upon ovarieciomy of
the host. From studies in ovariectomized rats, tamoxifen was found to have long lerm
effects upon the ulerus whereas equivalent doses of monohydroxytamoxifen were only
effective for a short period after the cessation of therapy. These data suggest that
mammary {umour development is best inhibited in the constant presence of an
antioestrogen i.e., biological half-life, as well as potency, is important for antitumour
activity. The principle was exemplified by a reduction in the number and sizes of
mammary tumours developing during continuous therapy with monohydroxytamoxifen (3
or 30 pug daily, 5 times a week) starting 30 days after DMBA. Overall it was clear
that antioestrogens do not destroy all the foci of hormone dependent tumour cells and
long courses of therapy or the use of other antithormonal methods e.g., ovariectomy, are
essential to control tumour growth.

INTRODUCTION atively suitable compounds can be used in
the laboratory as biochemical probes to gain
further insight into oestrogen action at the
subcellular level. Recently it has been sugges-

© ted [2] that some antioestrogens are pro-
drugs; being converted to polar metabolites
before exerting their action in oestrogen target
tissues [3]. At present therefore, this complex
situation questions the validity of comparing
results derived from experiments in vivo and in
vitro. Clearly for meaningful studies of the

THE INCREASED use of antioestrogens in clini-
cal medicine [1] has stimulated an interest in
their mechanism of action. Application of this
knowledge may facilitate the introduction of a
new generation of therapeutic agents or altern-
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Tamoxifen, a- non-steroidal antioestrogen
used in the treatment of breast cancer [4], has
been shown to have intrinsic activity as an
anticancer agent i vifro [5] under conditions
where metabolic transformations could not be
detected [6]. However the situation is more
complex in vivo. In laboratory animals, tam-
oxifen is metabolised [7] to the more potent
antioestrogen monohydroxytamoxifen and sub-
sequently to the very weak antioestrogen di-
hydroxytamoxifen [8]. Monohydroxytamoxifen
would therefore appear to be of great interest
both as a potential agent for breast cancer
therapy and as a potent biochemical probe for
studying the mechanism of action of
antioestrogens.

Since tamoxifen inhibits the initiation [9]
and growth [9-11] of DMBA-induced rat
mammary carcinomata we have used this
model to evaluate the antitumour activity of
monohydroxytamoxifen.

MATERIALS AND METHODS

Tamoxifen  (trans  1-(4-f-dimethylamino-
cthoxyphenyl)1,2  diphenyl but-1-cne) and
monohvdroxytamoxifen [1-(4-f-dimethylamino-
cthoxyphenyl)l, (4-hydroxy-phenyl)-2,phenyl-
but-l-cne|  were  obtamned  from  ICI
Ltd (Pharmaceuticals Division). 7,12 Di-
methylbenz(a)anthracene (DMBA) was ob-
tained from Sigma Chemicals.

Preparation of solutions

DMBA was dissolved in peanut oil by
gentle stirring for 16 hr at room temperature.
The final  concentration was  10mg
DMBA/ml. Each weck a tamoxifen and
monohydroxytamoxifen solution were pre-
pared in absolute ethanol and the required
volumes were added to peanut oil. The
ethanol was evaporated under N, on a warm
(60°C!) water bath. All s.c. injections werc
made in 0.1 ml peanut oil.

Antitumour activity of antioestrogens

Female rats of the Sprague—Dawley strain
were obtained specific pathogen frec from the
Animal Breeding Unit at ICI Ltd
{Pharmaceuticals Division). At 50 days of age
each rat was given 20mg DMBA by gavage.
Three experiments were undertaken: (1) Four
weeks after DMBA, animals were randomized
into nine groups each of 15 rats. Trcatments
were instituted 30 days after DMBA for four
weckly cycles (5 days per week). Four groups

were injected s.c. with tamoxifen (0.2, 3, 30,
800 ug daily) and four groups with mono-
hydroxytamoxifen (0.012, 0.2, 3, 50 ug daily).
Controls received injections of peanut oil; (2)
Eight weeks after DMBA, animals were ran-
domized into five groups each of 15 eats.
Treatments were instituted 60 days after
DMBA for four weekly cycles (5 days per
week). Two groups were injected s.c. with
tamoxifen (3, 50 ug daily) and two groups
with monohydroxytamoxifen (3, 30 ug daily).
Controls received injections of peanut oil; (3)
Four weeks after DMBA animals were ran-
domized into 3 groups each of 20 rats.
Treatments were instituted 30 days after
DMBA, 5 days per weck until 200 days after
DMBA. Two groups were injected s.c. with
monohydroxytamoxifen (3 or 30 ug daily) and
controls were injected with peanut oil.

In all experiments animals were palpated
weekly for tumours up to 200 days after
DMBA. Where necessary animals with large
and ulcerated tumours were killed prior to the
end of the experiments. In all cases samples of
tumour tissue were taken for routine pa-
thological identification at the end of an
experiment.

In experiment 1 when a tumour on an
animal reached a cross-sectional area of 2-
4cm? [measured with calipers and calculated
using the formula 7 x (length/2) x (width/2)],
the animal was ovariectomized under ether
anaesthesia and change in tumour area de-
termined for the next 6 weeks.

In experiment 3 tumour areas were de-
termined every 2 weeks for 6 weeks starting
156 days after DMBA. At 200 days after
DMBA all rats previously treated with 3 ug
monohydroxytamoxifen daily and some of the
animals from the control group were treated
tor 4 weeks with 100 pg monohydroxy-
tamoxifen daily 5 times per week. A group of
injected with peanut oil.
Tumour areas were determined at the bc-
ginning and at the end of the treatment
period.

controls were

Effect of antioestrogens in ovariectomized rals

Two experiments were undertaken: (1)
Female Sprague—Dawley rats (100 days old)
were ovariectomized under ether anaesthesia
and 14 days later were randomized into 25
groups cach of five rats. Four major treatment
groups each containing five of the groups of
rats were selected for treatment with 4 cycles
(5 days per week) of either tamoxifen (0.2 or
800 ug dailv) or monohydroxytamoxifen
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(0.012 or 50 ug daily). Controls (5 groups)
were injected s.c. with peanut oil. One of
each of the groups was killed after 1 week of
treatment, on the last day of treatment and 1,
3 and 5 weeks after the last day of treatment.
Uteri were dissected out, cleared of adhering
tissuc and weighed wet on a torsion balance
before the determination of [*H] oestradiol-
178 and [*H] R5020 binding (see below); (2)
Female Sprague-Dawley rats (50 days old)
were ovariectomized under ether anaesthesia
and 14 days later randomized into groups of 5
rats. Groups were injected s.c. with tamoxifen
(3, 50 or 800 ug daily) 5 days per week for 4
weeks. Controls were injected s.c. with peanut
oil. Groups were killed on the last day of
treatment and at 21, 42, 63 and 84 days after
the end of treatment. Uteri were dissected
out, cleaned of adhering tissue and weighed
wet on a torsion balance. The determination
of [*H] oestradiol and [*H] R5020 binding
was undertaken only with uteri obtained on
the last day of antioestrogen treatment.

Determination of [*H| oestradiol and [*H] R5020

hindimeo

Each uterus was homogenized with 1ce/
water  cooling in 2ml TED  buffer (Tris
0.01 mole/l; EDTA 0.0015 mole/1 or dithioth-
reitol 0.0005 mole/l, pH 7.4) using 2 x 10sec
bursts of an Ultraturrax tissue homogenizer.
Homogenates were centrifuged (4°C) at
2000 g for 30 min. Supernatants were used to
determine the binding of [6,7->H] oestradiol-
17f (42 Ci/mmole, Amersham) and [*H] R5020
(dimethyl-19-norpregna-4,9-diene-3,20 dione,
172-[170-methyl *H] (87 Ci/mmole, New
England Nuclear.) For [*H] oestradiol bind-
ing, uterine supernatants (150 ul) were added
to 50ul TED buffer or 50ul TED buffer
containing 5 x 10~ ®mole/l diethylstilboestrol.
Fifty microlitres TED buffer containing 2.5
x 1078 mole/l [*H] oestradiol was added to
each tube and the mixtures incubated at 0—4°C
for 18hr. All samples were assayed in dupli-
cate. Four hundred microlitres of a Dextran
coated charcoal suspension (1°,) in TED was
added to each tube and allowed to stand with
occasional shaking for 20 min at 0—4°C. Tubes
were centrifuged at 2000 g (4°C) for 10min
and 400 ul samples of the supernatant counted
in 10ml trittum scintillator (6g butyl PBD
[2(4'-t-butylphenyl)-5-(4”  biphenylyl)-1, 3,4
oxadiazole], 100g naphthalene, 135ml to-
luene, 720 ml dioxan and 45 ml methanol) for
10 mins in a Beckman LS-3133T liquid scintil-
lation spectrometer.

To determine the binding of [*H] R5020,
100 pul supernatant was added to either 100 ul
TED containing 309, glycerol or 100 ul TED
with 309, glycerol containing 3 x 107 ° mole/l
norethindrone (Sigma Chemicals). One hun-
dred  microlitres TED  containing 3
x 10 ® mole/l [?H] R5020 was added to each
tube and incubated at 0°C for 1hr. Four
hundred microlitres ol a 0.23¢ ) dextran coa-
ted charcoal suspension in TED bufter was
added to each tube and incubated at 0°C for
5 min. Tubes were centrifuged at 2000¢g
(4°C) for 3min and 400 ul of supernatants
were taken to determine the levels of radio-
activity as described above.

RESULTS

Antitumour activity of antioestrogens

The administration of tamoxifen (0.2, 3, 50
or 800 ug daily) between 30 and 60 days after
DMBA resulted in a dose-related delay in the
percentage of rats in groups without tumours
(Fig. la). By contrast, treatment with mono-
hydroxytamoxifen (0.012, 0.2, 3 or 50 ug daily)
did not produce a clear dose-related inhibition
of tumour appearance (Fig. 1b). In fact, the
group trcated with 0.2 yg monohydroxytam-
oxifen daily was tumour free for longer than
the group treated with 50 ug monohydroxytam-
oxifen dailv. However, treatment of animals
with 30 g monohydroxytamoxifen daily be-
tween 60 and 90 days after DMBA (Fig. 2)
effectively kept the animals tumour-free for 40
days. The lowest dose of monohydroxytam-

~oxifen (0.012 ug daily) was without effect.

Tamoxifen treatment (50 or 3 ug daily) be-
tween 60 and 90 days after DMBA did not
initially delay tumour appearance but tu-
mours appeared more slowly than controls
during the post-therapy period.

Although the various therapies delayed the

. initial appearance of tumours, the majority of

animals had at least one palpable mammary
tumour at 200 days after DMBA. This effect
was most pronounced in the group of animals
treated with 800 ug tamoxifen daily between
30 and 60 days after DMBA (Fig. la). The
rats were completely tumour free up to 135
days after DMBA but by 200 days after
DMBA 809, of animals had tumours.
However, the cumulative number of tumours
in the group was only about 309, of controls
(Fig. 3). This effect of tamoxifen on the total
numbers of tumours in the treatment groups
was again dose related but it was also de-
pendent upon the time of antioestrogen ad-
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®: 50 ug W 3ug A; 0.2 ug O; daily) or (b) monohvdro-
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daily) between 30 and 60 days (5 times per week) after

DMBA on the percentage of rals in groups withou! mammary

tumours. Controls (----) were injected with peanut oil. Fifleen
rats per group.

ministration. Treatment with 50 pug tamoxifen
daily between 30 and 60 days after DMBA
reduced tumour numbers from 36 in controls
at 200 days after DMBA to 12 in the treat-
ment group whilst the administration of the
same rcgimen between 60 and 90 days after
DMBA only reduced the tumour numbers
from a control value of 33 to 20 (Fig. 3).
Similarly monohydroxytamoxifen was effective
at reducing tumour numbers and, again, was
more active if administered earlier. The prin-
ciple was illustrated with the 0.2 ug daily dosc

of monohydroxytamoxifen which appeared to
be more active during the early therapy per-
iod i.e., 3060 days after DMBA (Fig. 3) and
inactive if administered between 60 and 90
days after DMBA.

In the first experiment, the effect of host
ovariectomy on the growth of tumours that
rcached a cross-sectional area of 2-4cm? in
control and treatment groups was determined.
For convenience, the tumours were arbitrarily
divided into those that had reached the re-
quired area between 85 and 140 days after
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Fig. 2. Effect of the administration of tamoxifen (50 ug M;

3ug A daily) or monohydroxytamoxifen (50 ug O; 3ug [J;

0.2 pg A\ daily) between 60 and 90 days (5 times per week)

after DMBA on the percentage of rats in groups without

mammary tumours. Controls (----) were injected with peanut
oil. Fifteen rats per group.

DMBA (Group I) and 140 and 190 days after
DMBA (Group II) (Fig. 4). Tumours from
control animals in Group I uniformally re-
gressed (6/6) over 6 weeks whereas the single
tumour in Group II regressed and then re-
grew. In the group treated with 0.2 ug tam-
oxifen daily, 5/6 tumours regressed whilst 1/6
grew in Group I. However in Group IT, 12/13
tumours regressed and 1/13 grew and then
regressed. Similarly in the 3 (1/3), 50 (1/3)
and 800 (1/3) pg tamoxifen groups only single
tumours did not regress in responsc to host
ovariectomy (Fig. 4b). Overall, 28-32 tumours
regressed to <50 of their original size from
tamoxifen treated groups whereas 4/32 tu-
mours either did not regress or regrow after
an initial regression.
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The majority of tumours arising on animals
previously treated with monohydroxytam-
oxifen regressed in response to ovariectomy of
the host. Overall, 31/38 tumours regressed to
<50", of their original size, 3/38 tumours
continucd to grow whilst 4/36 tumours re-
mained static or regressed to > 5097,

Continuous cycles of treatment with 3 ug
monohydroxytamoxifen daily starting 30 days
after DMBA resulted in a decrease in the
number of rats developing tumours (Fig. 5a),
the cumulative number of tumours (Fig. 5b)
and the individual tumour sizes measured at
163, 178 and 192 days after DMBA (Fig. 6).
The larger daily dose of monohydroxytam-
oxifen (50 ug daily) was more effective in each

of the recorded parameters (Figs. 5a and b, 6)
however a single tumour (FIL2) in this group
grew  very rapidly  during therapy.
Ovariectomy of the host resulted in a pro-
gressive regression of the tumour over 6 weeks.

Treatment of rats (200 days after DMBA)
with established mammary tumours with 5
day cycles of 100 ug monohydroxytamoxifen
daily did not produce a consistent tumour
regression. As a result, the response of in-
dividual tumours are shown in Fig. 7. In
general the tumours on control animals grew
and did not undergo any dramatic reductions
in tumour area. Treatment with monohydroxy-
tamoxifen did cause some tumours to under-
go regression whilst others remained static or



. UNOYs ALy papuodsal Y1 dnous yovs wr sanouny Jo uoyuodoid oy p VI 49
SARP OG1-OF 1 paSu0parmao sppuy .:SQQ.SE:E 1T dnowny puv yqv ifp skep (p1-Cg przuunparvio sppuaup wosf atam sanown) | dnossy
120 ypr poalur oo (@) sjeauor) (4wp W S 71070 1 8 g0 1O B ¢ 1] 8 ¢ (p) Gop WSH Z10°0 2 S 770 SO S ¢ [ S 0¢
.A.,; wfixonwiopdipouow fo p 7 Sif g 1 81 ¢ (@ 8 0¢ 2031 008 (9) Grop © Sl ¢ W S T () wfivown) g gy :\\m
SARD (09 pup (OF usmeq panos) uaq poy sqnosry ‘v mown) Cwwmmuw pampui-1 gy W aSuvy) 5o AY] U LU0)IIND0 \e IRTI At .wﬂi

AWI0}231IDAD 134D Syaam

AWoI93LDAC 134D SHOOM
] v)8
(0) V\v o s b . 2 . (v) 7N
(0) BT ° °
os oe mu.
a
o]e]] > Wa.
- © 09 .m.
X o
= osl 3 2
- a 08 =
- o
R s
= 002 W [ole]] w
m m
VM osz S LN
o
~3 opb!
g 00§ 3¢ 5
o 00t (2)
3 00S
Im AdvD\N (P) — 009
™ el (v) £
g %, LIOJO31IDAD JBID SHOM (0) 2, AWOJ081IDAO 1814D SHOOM
V. o Alvw\m 14 €
oS
00l m‘u W
= Q,
0 =]
osi 3 =
- S
c
ooz 3 e
g 2
0se m 8
o
°
-1 00¢ e
g 3t
o113

sinowny IT dnoig (q)

sinown; 1 dnoi9 (D)

244



DMBA-Induced Rat Mammary Carcinoma Model 245

90 — (Q)
80 |-

70

%

40 —

Rats with tumours,

30 —

o bl 1 L

| | | | 1 | J

70 80 90 100 Ho 120

130 140 150 160 170 180 190 200

Days after DMBA

a0 (D)

35 [—

25—

20 —

Cumulative number of tumours

" | e L P

| | 1 1 | | |

"0 80 so 100 {10 120

130 140 t50 1860 170 180 180 200

Days after DMBA
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continued to grow. Again some of the tumours
growing on rats previously treated with 3 ug
monohydroxytamoxifen daily (Fig. 7, treat-
ment B) regressed in response to the larger
dose of monohydroxytamoxifen whilst others
continued to grow.

Effects in ovariectomized rats

A comparison of the uterine effects of tam-
oxifen (800 or 0.2 ug daily) and monohydroxy-
tamoxifen (50 or 0.012 ug daily) showed that
only the higher dose of each compound was

brologically active and the effects of tamoxifen
were more long-term than the effects of mono-
hydroxytamoxifen. During therapy tam-
oxifen (800 ug) and monohydroxytamoxifen
(50 ug) both increased uterine wet weight
(Fig. 8a) and the uterine binding of [*H]
R5020 (Iig. 8b) and completely reduced the
uterine binding of [*H] oestradiol (Fig. 8c).
However uterine wet weight and [*H] R5020
binding rapidly decreased during the 2 weeks
after the last injection of monohydroxytam-
oxifen and the binding of [*H] oestradiol in-
creased. Five weeks after the end of therapy
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were started 200 days after DMBA. Treatment A animals had

not previously received any other treatments whereas treatment B

amimals had been injected with 3 ug monohydroxytamoxifen (3

times per week) from 30 days after DMBA administration.
Control animals receved injections of peanut oil.

with monohydroxytamoxifen there was no
significant difference between the treatment
and control groups in all parameters studied.
In contrast the uterine effects of tamoxifen
(800 ug daily) were maintained until the end
of the experiment i.e., 5 weeks after therapy
was finished. ‘

In a separate experiment, the dose-related
effect of tamoxifen on the ovariectomized rat
uterus was compared. After four 5-day cycles
of tamoxifen therapy (3, 50 or 800 ug daily)
there was a dose-related decrease in the ute-
rine binding of [*H] oestradiol and a dose-
related increase in the uterine binding of [*H]
R5020 (Fig. 9). During the 84 days after the
end of therapy the dose-related increase in
uterine wet weight (Fig. 10) gradually re-
turned towards control values however even
at 84 days after therapy the uterine wet
weight of the groups previously treated with
800 ug tamoxifen daily and 50 ug tamoxifen
daily were still significantly (P<0.001) higher
than controls.

DISCUSSION

The primary aim of the present study was
to establish a suitable assay system to evaluate
the antitumour potential of the potent anti-
oestrogen monohydroxytamoxifen. The anti-
oestrogen tamoxifen was selected for compara-
tive purposes since it is already established as
a therapy in advanced breast cancer [4].
Ideally a transplantable mammary tumour
system would provide the most accurate assay
method, however the lack of hormone re-
sponsivenéss in the tumour system previously
evaluated in this laboratory [12] directed our
attention to the DMBA-induced rat mam-
mary carcinoma model [13]. Although tam-
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oxifen inhibits the growth of the majority of
established tumours [14] the system is difficult
to use as an assay because of the different
growth rates of the tumours and the hetero-
geneous hormone responsiveness. We have
therefore concentrated upon the antitumour
activity of antioestrogens in the early stages of
tumour development.
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Carcinogenesis in breast tissue with DMBA
is critically dependent upon the age of the
animals [13] and the correct hormonal en-
vironment [15]. At the subcellular level,
prolactin-stimulated thymidine incorporation
has been correlated with DMBA-induced car-
cinogenesis [16] which suggests that both ef-
fective levels of circulating prolactin and tar-
get tissue DNA synthesis are prerequisites for
carcinogenesis. Although it is known [9] that
the simultaneous administration of tamoxifen
and DMBA results in a reduction in tumour
numbers this is a potentially poor assay for
evaluating antitumour activity. Tamoxifen in-
hibits oestrogen, stimulating rises in circulat-
ing prolactin levels [17] and it is possible
that breast tssuc DNA synthesis may be
inhibited since antioestrogens have been found
to inhibit cell division in other oestrogen
target tissues of the rat {18]. Therefore under
these conditions the process of carcinogenesis
may be inhibited rather than malignant cells
destroyed. Furthermore besides any direct ef-
fects upon the breast tissue, it is not known
whether antioestrogens alter the metabolic
transformations normally undergone by the
DMBA molecule [19] that may, in turn, be
fundamental to carcinogenesis. After consider-
ation of these factors, all therapics were
instituted 28 days after DMBA administration

when it was assumed that carcinogenesis had
occurred and microfoci of malignant cells
were present.

In the experiments to compare the anti-
tumour properties of tamoxifen and mono-
hydroxytamoxifen, smaller daily doses of ntono-
hydroxytamoxifen were selected because of its
higher antioestrogenic potency [8]. Further-
more at the same dose level, monohydroxy-
tamoxifen was more effective than tam-
oxifen at reducing the cytoplasmic oestrogen
receptor concentration in the ovariectomized
rat uterus (Figs. 8 and 9). However, in com-
plete contrast, the administration of tamoxifen
between 30 and 60 days after DMBA was
much more effective than monohydroxytam-
oxifen at inhibiting the rate of tumour ap-
pearance and reducing the number of tu-
mours. In general similar doses of tamoxifen
and monohydroxytamoxifen were ultimately
less effective when administered between 60
and 90 days after DMBA which suggests that
early therapy with antioestrogens may be an
advantage because of the smaller tumour bur-
den. Of interest though was the observation
that during the 60-90 day treatment period
monohydroxytamoxifen produced a rapid ef-
fect whilst tamoxifen was more slowly acting.
It is possible that the increased hydrophilic
nature of the monohydroxytamoxifen mol-
ecule coupled with increased affinity for the
oestrogen receptor [8] may result in 1m-
mediate high concentrations at the site of
action. This effect has been noted earlier [20]
since monohydroxytamoxifen increases
ovariectomized rat uterine progesterone re-
ceptor content more rapidly than the same
dosc of tamoxifen.

The finding that an carly, short course of
monohydroxytamoxifen only reduced the
numbers of tumours rather than cured the
animals made it important to determine
whether monohydroxytamoxifen could exert a

sustained antitumour action, Mono-
hydroxytamoxifen, like other non-steroidal
antioestrogens [20-24], inhibited the

growth of cstablished DMBA-induced mam-
mary carcinomata. However the tumour re-
sponses to monohydroxytamoxifen was very
heterogeneous (Fig. 7) which probably reflects
the lower hormone dependency of older tu-
mours. Treatment with monohydroxytam-
oxifen on a continuous basis starting 28 days
alter DMBA was successful in controlling the
development of the majority of tumours.
Therefore it appears that the maintenance of
high blood levels of a short acting ant-
oestrogen can inhibit hormone dependent gro-
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wth. Clearly the prolonged biological activity
of a compound like tamoxifen appears to be
more important than antioestrogenic potency
as a criterion for antitumour action.

The principle that a metabolite of an anti-
oestrogen has antioestrogenic and antitumour
activity has important implications for the
biochemical interpretation of data derived
vivo. We have demonstrated (Allen, Clark and
Jordan, unpublished observation) that for
antioestrogenic activity it is an advantage, but
not a requirement, for tamoxifen to have the
opportunity to undergo metabolic para hy-
droxylation. Similarly the fact that monohyd-
roxytamoxifen has antitumour properties sug-
gests that the antitumour activity of tamoxifen
is the net result of a complex interaction of
the parent compound and its primary non-
conjugated metabolite with a tumour target
site.

In spite of the fact that there are difficulties
in being able to precisely describe the mole-
cular events involved in the antitumour ac-
tivity of non-steroidal antioestrogens it is im-
portant to note that irrespective of whether
the parent compound or a metabolite is in-
volved, microfoci of hormone dependent mal-
ignant cells can survive courses of anti-
oestrogen therapy in wviwe. This conclusion is
based on two observations. Although tumour
development was initially inhibited by very
large doses of tamoxifen eventually tumours
occurred that responded favourably to § sc-
cond anti-hormonal therapy i.e., ovaricctomy
(Figs. 3 and 4). Similarly, during the con-
tinuous administration of monohydroxytam-
oxifen (50 pg daily, 5 times per week), a single
tumour grew very rapidly and regressed ra-
pidly following ovariectomy of the host (Fig.
6).
The results of the present study are in
marked contrast to the published reports [5, 6]
that human breast cancer cells maintained in
long term tissue culture are eventually de-
stroyed by high concentrations of antioes-

trogens. However there are several important
differences between the DMBA-induced car-
cinoma model and the long term tissue cell
system that might explain the unusual sensi-
tivity of cancer cells to antioestrogens in vitro.
The antitumour action of antioestrogens in
the rat model is probably at a variety of sites
e.g., inhibition of oestrogen-stimulated pro-
lactin release [17,25], inhibition of ovarian
function [26,27] or a direct action on the
tumour cells via the oestrogen receptor system
11,28,29]. It is clear that only the last
mechanism is possible in cell culture. In the
whole animal a host of humoral, biochemical
and physiological factors may protect the hor-
mone dependent malignant cells from anti-
oestrogen action. As one possible example;
minor fluctuations in prolactin secretion may
secure tumour survival since it is known that
increases in prolactin levels induced by per-
phenazine can reverse tamoxifen-induced tu-
mour regression [30]. Clearly, with breast
cancer cells growing under the restricted con-
ditions of long term culture, no such counter-
measures are available as an alternative to
cell death. Whether human breast cancer cells
are protected from antioestrogen action in vivo
must await the completion of clinical trial
with tamoxifen as an adjuvant therapy follow-
ing mastectomy.

In conclusion, it seems that the short acting
antioestrogen monohydroxytamoxifen might
be impractical as a therapy for breast cancer
in its present form although a sustained-
release or depot preparation may be clinically
useful. However monohydroxytamoxifen does
not appear, at this stage, to offer any thera-
peutic advantages over tamoxifen. By con-
trast, the finding that monohydroxytamoxifen
has antitumour activity n vivo without the
need for metabolic intervention, has confir-
med that this compound is a potent pharma-
cological tool for the investigation and com-
parison of oestrogenic, antioestrogenic and
antitumour mechanisms i vivo and in vitro.

REFERENCES

1. C. B. Lunan and A. Kropper, Antioestrogens: a review. Clin. Endocr. 4, 551

(1975).

2. B. S. KarzenerLrenBogeN, E. R. Fercuson and N. C. Lan, Fundamental
differences in the action of estrogens and antiestrogens on the uterus:
comparison between compounds with similar duration of action. Endocrinology

100, 1252 (1977).

3. B.S. KATZENELLENBOGEN, J. A. KATZENELLENBOGEN, E. R. FErRGUsoN and N.
KRANTHAMMER, Antiestrogen interaction with uterine estrogen receptors.

- biol. Chem. 253, 697 (1978).



4.

=2

10.

11.

12.

13.

16.

17.

18.

19.

20.

21.
22.

23.

24,

26.

V. C. Jordan and Karen E. Allen

H. T. Mourmson, T. Parsuor, J. Pavrerson and L. Barrersey, Tamoxifen
in advanced breast cancer. Cancer Treal. Rev. 5, 131 (1978).

M. E. Lippman, G. Boran and K. Hurr, Interactions of antiestrogens with
human breast cancer in long term tissuc culture. Cancer Treat. Rep. 60, 1421
(1976).

K. B. Horwrrz, Y. Kosekr and W. L. McGuire, Estrogen control of
progesterone receptor in human breast cancer: role of estradiol and anti-
estrogen. Endocrinology 103, 1742 (1978).

J. M. Fromson, S. Pearson and S. Braman, The metabolism of tamoxifen
(ICT 46,474). 1. In laboratory animals. Xenobiotica 3, 693 (1973).

V. C. Jorpax, M. M. Corrins, L. RowsBy and G. Prestwicu, A monohydro-
xylated metabolite of tamoxifen with potent antioestrogenic activity. 7. Endocr.
75, 305 (1977).

V. C. Jorpanx, Effect of tamoxifen (ICI 46,474) on initiation and growth of
DMBA-induced rat mammary carcinomata. Europ. J. Cancer 12, 419 (1976).
R. I. Nicaowrson and M. P. GorLper, The effect of synthetic anti-oestrogens on
the growth and biochemisiry of rat mammary tumours. Europ. J. Cancer 11,
371 (1975).

V. C. Jorpan and L. J. Dowse, Tamoxifen as an antitumour agent: effect on
oestrogen binding. 7. Endocr. 68, 297 (1976).

V. C. Jorpan, B. Dixon, G. Prestwich and B. J. Furr, The mode of action
of the antitumour agent GP 48989 in the rat. Europ. J. Cancer 15, 755 (1979).
C. Hucains, L. C. Granp and P. BriLLantes, Mammary cancer induced by a
single feeding of polynuclear hydrocarbons, and its suppression. Nature (Lond.)
189, 204 (1961).

V. C. Jorpax, Antiestrogenic and antitumor properties of tamoxifen in
laboratory animals. Cancer Treat. Rep. 60, 1409 (1976).

T. L. Dao, The role of ovarian hormones in initiating the induction of
mammary cancer in rats by polynuclear hydrocarbons. Cancer Res. 22, 973
(1962).

H. Nacasawa, R. Ya~ar and H. Ta~icucHi, Importance of mammary gland
DNA synthesis on carcinogen induced mammary tumorigenesis in rats. Cancer
Res. 36, 2223 (1976).

V. C. Jorbax and S. Koerner, Tamoxifen as an antitumour agent: role of
oestradiol and prolactin. 7. Endocr. 68, 305 (1976).

V. C. Jorpax and C. J. Dix, Effect of oestradiol benzoate, tamoxifen and
monohydroxytamoxifen on immature rat uterine progesterone receptor syn-
thesis and endometrial cell division. J. Steroid. Biochem. 11, 285 (1979).

T. S. Tamrrskl, C. E. Morrear. and T. L. Dao, Comparative metabolism of
7.12-dimethylbenz(a)anthracenc in liver and mammary tissue. Cancer Res. 33,
3117 (1973).

V. C. Jorpan and G. Prestwich, Effect of non-steroidal antioestrogens on the
concentration of rar uterine progesterone receptors. 7. Endoer. 76, 363 (1978).
L. TerRENIUS, Antioestrogens and breast cancer. Europ. 7. Cancer 7, 37 (1971).
E. R. DeSoMBrE and L. Y. Arsocast, Effcet of the antiestrogen CI628 on
the growth of rat mammary tumors. Cancer Res. 34, 1971 (1974).

K. D. Scaurrz, B. Haseimaver and F. HoLzer, The influence of clomid and
its isomers on dimethylbenzanthracene induced rat mammary tumours. In
Basic Action of Sex Steroids in Target Organs. (Edited by P. O. Hubinot, F. Leroy
and P. Galand) p. 274, Karger, Basel (1971).

T. L. S. Tsar and B. S. KATZENELLENBOGEN, Antagonism of development and
growth of 7,12-dimethylbenz(a)anthracene-induced rat mammary tumours by
the antiestrogen U23, 469 and effects on cstrogen and progesterone receptors.
Cancer Res. 37, 1537 (1977).

J. C. Heuson, C. WaeLBroieck, N. Lecros, G. Garrez, C. RoByn and M.
L’HermritE, Inhibition of DMBA-induced mammary carcinogenesis in the rat
by 2-Br-a ergokryptine (CB154), an inhibitor of prolactin secretion and
nafoxidine (U-11,100A), an oestrogen antagonist. Gynecol. Invest. 2, 130
(1971/72).

J. Warson, F. B. Anperson, M. Aram, J. E. O’Graby and P. J. Hraip,
Plasma hormones and pituitary luteinizing hormone in the rat during the
early stages of pregnancy and after post-coital treatment with tamoxifen (ICIT
146,474). 7. Endocr. 65, 7 (19753).



27.

28.

29.

30.

DM B A-Induced Rat Mammary Carcinoma Model

J. Watson and J. W. H. Howson, Inhibition by tamoxifen of the stimulatory
action of FSH on oestradiol-178 synthesis by rat ovaries in vitro. J. Reprod.
Fertil. 49, 375 (1977).

R. I. Nicuorson, M. P. Gorpger, P. Davis and K. Grrirriras, Effects of
oestradiol-17f and tamoxifen on total and accessible cytoplasmic oestradiol-
178 receptors in DMBA-induced rat mammary tumours. Europ. F. Cancer 12,
711 (1976).

R. I. NicuousoN, P. Davis and K. Grirritus, Effects of oestradiol and
tamoxifen on nuclear oestradiol-17f receptors in DMBA-induced rat mam-
mary tumours. Europ. J. Cancer 13, 201 (1977).

A. Manng, J. E. TrupiLLo and O. H. Pearson, Predominant role of prolactin
in stimulating the growth of 7,12-dimethylbenz(a)anthracene-induced rat
mammary tumor. Cancer Res. 37, 1216 (1977).

251



