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A b s t r a c t - - T h e  antitumour activity of monohydroxytamoxifen has been compared with 
tamoxifen in the DMBA-induced rat mammary carcinoma model. In general anti- 
oestrogen therapy between 30 and 60 days after D M B A  administration was more 
successful than therapy between 60 and 90 days after D M B A .  Although monohydroxy- 
tamoxifen was a more potent antioestrogen than tamoxifen and equivalent dosage 
regimens were more effective at reducing cytoplasmic oestrogen receptor concentrations in 
the ovariectomized rat uterus, tamoxifen appeared to be a more potent antitumour agent. 
The administration oJ4  weekly courses of tamoxifen (0.2, 3, 50 or 800 #g daily, 5 
times a week) starting 30 days after D M B A  produced a dose-related delay in turnout 
appearance and a decrease in tumour numbers. By contrast, mono@droxytamoxifen 
(0.012, 0.2, 3 or 50/~g 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 ovarieclomy of 
the host. From studies in ovariectomized rats, tamoxifen was Jbund to have long term 
e[fects upon the uterus whereas equivalent doses of monohydroxytamoxlfen were only 
eJ.J'ective .for a short period q fret the cessation of therapy. These data suggest that 
mammary tumour 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 turnouts developing during continuous therapy with monohydroxytamoxifen (3 
or 50/~g daily, 5 times a week) starting 30 days after D M B A .  Overall it was clear 
that antioestrogens do not destroy all the j%ci of hormone dependent tumour cells and 
long courses of therapy or the use of other antihormonal methods e.g., ovariectomy, are 
essential to control tumour growth. 

I N T R O D U C T I O N  

THE INCREASED use of antioestrogens in clini- 
cal medicine [1] has st imulated 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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ativcly 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 
mechanisms of action of antioestrogens, a 
compound is needed that  is either known to 
be metabolised to much less active derivatives 
or not metabolised at all. 
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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 in vitro [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. 

M AT ERIALS A N D  M E T H O D S  

l 'amoxifen (tram 1 - (4-/;Ldimethylamino- 
et'h~xyphcnyl)l,2 diphenyl but-l-ene) and 
m~ n 1~ ~l Lvd roxytamoxifen [ 1 - (4-fl-dimcthylamino- 
ethoxyphenyl)l,  (4-hydroxy-phenyl)-E,phenyl- 
but-I-ene I were obtained from ICI 
Ltd (Pharmaceuticals Division). 7,12 Di- 
methylbenz(a)anthracene {DMBA) was ob- 
tained ti'om Sigma Chemicals. 

Preparation qf so/utions 

1)MBA was dissolved in peanut oil by 
gentle stirring for 16hr at room temperature. 
The final concentration was 10 mg 
DMBA/ml. Each week 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 2 on a warm 
(60°C) water bath. All s.c. injections were 
made in 0.1 ml peanut oil. 

were injected s.c. with talnoxil'en (0.2, 3, :50, 
800#g daily) and four groups with mono- 
hydroxytamoxifen (0.012, 0.2, 3, 50#g daily). 
Controls received it~iections of peanut oil; (2) 
Eight weeks after DMBA, animals were ran- 
domized into five groui~s each of 15 rots. 
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#g daily) and two groups 
with monohydroxytamoxifen (3, 50#g daily). 
Controls received ir~iections 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 week until 200 days after 
DMBA. Two groups were injected s.c. with 
monohydroxytamoxit~n (3 or 50#g 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 2 [measured with calipers and calculated 
using the lbrmula n 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#g 
monohydroxytamoxifen daily and some of the 
animals from the control group were treated 
tor 4 weeks with 100#g monohydroxy- 
tamoxifen daily 5 times per week. A group of 
controls were injected with peanut oil. 
Tumour areas were determined at the be- 
ginning and at the end of the treatment 
period. 

Antitumour activi O' of antioestrogens 

Female rats of the Sprague-Dawley strain 
were obtained specific pathogen free 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. Treatments 
were instituted 30 days after DMBA for four 
weekly cycles (5 days per week). Four groups 

E/fect of antioestrogens in ovariectomized rats 

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 each 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 #g daily) or monohydroxytamoxifen 
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(0.012 or 50#g 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 
tissue and weighed wet on a torsion balance 
before the determination of [3H] oestradiol- 
17fl and [3H] 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#g 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 [3H] oestradiol and [3H] R5020 binding 
was undertaken only with uteri obtained on 
the last day of antioestrogen treatment. 

Determination oJ" [3HI oestradiol and [3H] R5020 
himli,~ 

Each t l l e l t l S  was h{mlogenized with ice/' 
\v,ller cooling ill 21nl TED buffer (Tris 
0.01 mole/l; EDTA 0.0015mole/1 or dithioth- 
reitol 0.0005mole/I, pH 7.4) using 2 x  10sec 
bursts of an Ultraturrax tissue homogenizer. 
Homogenates were centrifuged (4°C) at 
2000 g for 30min. Supernatants were used to 
determine the binding of [6, 7-3H] oestradiol- 
17fi (42 Ci/mmole, Amersham)and [3H] R5020 
(dimethyl-19-norpregna-4,9-diene-3,20 dione, 
17~-[17~-methyl 3H] (87 Ci/mmole, New 
England Nuclear.) For [3H] oestradiol bind- 
ing, uterine supernatants (150#1) were added 
to 50#1 TED buffer or 50#1 TED buffer 
containing 5 x 10-6 mole/1 diethylstilboestrol. 
Fifty microlitres TED buffer containing 2.5 
x l0-Smo.le/1 [3H] 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 1)extran 
coated charcoal suspension (1" . )  in TEl)  was 
added to each tube and allowed to stand with 
occasional shaking for 20 min at 0-4°C. Tubes 
were centrifuged at 2000 0 (4°C) for 10min 
and 400 #1 samples of the supernatant counted 
in 10ml tritium scintillator (6g butyl PBD 
[2 {4'-t-butylphenyl)-5-(4" biphenylyl)- 1,3, 4 
oxadiazole], 100g naphthalene, 135ml to- 
luene, 720ml dioxan and 45 ml methanol) for 
10rains in a Beckman LS-3133T liquid scintil- 
lation spectrometer. 

To determine the binding of [3HI R5020, 
100 #1 supernatant was added to either 100 #1 
TED containing 30°, o glycerol or 100#1 TED 
with 30% glycerol containing 3 x 10-6mole/1 
norethindrone (Sigma Chemicals). One hun- 
dred microlitres TED containing 3 
x 10 -8 mole/1 [3HI R5020 was added to each 

tube and incubated at 0°C for 1 hr. Four 
hundred microlitres of a 0.25",, dcxtran coa- 
ted charcoal suspension in TED buffer was 
added to each tube and incubated at 0°C for 
5 rain. Tubes were centrifuged at 2000g 
(4~'C) for 3rain and 400#1 of supernatants 
wcrc 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 #g 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- 
hydroxytamoxiti'n (0.012, 0.2, 3 or 50#g daily) 
did not produce a clear dose-related inhibition 
0[" t t l l n o t l r  appearance (Fig. lb). In fact, the 
group treated with 0.2#g monohydroxytam- 
oxifen daily was tumour free for longer than 
the group treated with 50 #g monohydroxytam- 
oxifen daily. However, treatment of animals 
with 50/zg m~mohydroxytamoxifen 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- 
oxifi,n (0.012#g daily) was without effect. 
Tamoxifcn treatment (50 or 3#g 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#g 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 80% of animals had tumours. 
However, the cumulative number of tumours 
in the group was only about 30% 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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of  inonohydroxytamoxi fen  which appeared  to 
be more active dur ing tim early therapy  per- 
iod i.e., 30-60 days after D M B A  (Fig. 3) and 
inactive if administered between 60 and 90 
days after DMBA. 

In the first experiment ,  the effect of host 
ovar iec tomy on the growth of  turnouts that 
reached a cross-sectional area of  2 - 4 c m  2 in 
control and t rea tment  groups was determined.  
For convenience,  the tumours were arbi t rar i ly  
divided into those that  had reached the re- 
quired area between 85 and 140 days after 
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F@ 2. t'2j'Jbct of the administration q/  tamox!)~bn 150 ug m; 
3,ug at; daily)or monohydrox)~tamox(/en (50#g Q); 3,ug D; 
0.2 ,ug A; dai&) between 60 and 90 days {5 time.~ per week) 
after D M B A  on the percentage o/" rat6 in groups without 
mammarl, tumour.s. Controls ( . . . .  ) were iq~ected with peanut 

oil. l"(fieen rat.; per ,~,roup. 

Fig. 1. EJffect oj  the administration of  (a) tamoxifi, n (800 pg 
O; 50 ,ug m; 3,ug A; 0.2 ~g ©; daily) or (b) monok~,dro- 
xytamoxifen (50#g O; 3/lg m; 0.2#g A; 0.012,ug ©; 
daily) between 30 and 60 days (5 times per week) after 
D M B A  on the percentage of rats in groups without mamma~'), 
turnouts. Controls ( . . . .  ) were in~ected with peanut oil. Fifteen 

rat.~ per ,group. 

ministration.  T r e a t m e n t  with 50#g  tamoxitim 
daily between 30 and 60 days after D M B A  
reduced tumour  numbers  fi'om 36 in controls 
at 200 days after D M B A  to 12 in the treat- 
ment  group whilst the adminis t ra t ion of the 
same regimen between 60 and 90 days after 
D M B A  only reduced the t umour  numbers  
i)om a control  value of  33 to 20 (Fig. 3). 
Similarly monohydroxytamoxi t~n  was effective 
at reducing tumour  numbers  and, again, was 
more active if administered earlier. The  prin- 
ciple was illustrated with the 0.2/*g daily dose 

D M B A  (Group I) and 140 and 190 days after 
D M B A  (Group I I )  (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/~g taIn- 
oxifen daily, 5/6 turnouts regressed whilst 1/6 
grew in Group  I. However  in Group  II,  12/13 
tumours regressed and 1/13 grew and then 
regressed. Similarly in the 3 (1/5), 50 (1/3) 
and 800 (1/3) #g tamoxil~n groups only single 
tumours  did not regress in response to host 
ovar icc tomy (Fig. 4b). ()verall .  28 32 turnouts 
regressed to <507.;, of  their original size', f iom 
tamoxifcn treated groups whereas 4//32 tu- 
mours ei ther did not regress or regrow after 
an initial regression. 
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F@ 3. Cumulative numbers of mammary tumours after the administration of (A) tamoxiJen (800 #g 
0 ;  50#g A; 3#g D; 0.2#g Q) daily) or (B) monohydroxytamoxifen (50#g A; 3#g 0 ;  0.2#g 
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T h e  maior i ty  of  turnouts arising on animals 
previously t reated with m o n o h y d r o x y t a m -  
oxifen regressed in response to ovar iec tomy of  
tilt" host. Overal l ,  31/38 tumours  regressed to 
< 5 0 " , ,  of  their  original size, 3/38 turnouts 
cont inued to grow whilst 4/36 turnouts re- 
inained static or regressed to >50~!~. 

Cont inuous cycles of  t rea tment  with 3 # g  
monohydroxy tamox i f en  daily starting 30 days 
after D M B A  resulted in a decrease in the 
n u m b e r  of rats developing tumours  (Fig. 5a), 
the cumula t ive  n u m b e r  of  tumours  (Fig. 5b) 
and the individual  tumour  sizes measured at 
163, 178 and 192 days after D M B A  (Fig. 6). 
T h e  larger daily dose of m o n o h y d r o x y t a m -  
oxifen (50 #g dai ly)  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 dur ing  therapy.  
Ovar i ec tomy of  the host resulted in a pro- 
gressive regression of  the turnout  over 6 weeks. 

T r e a t m e n t  of  rats (200 days after D M B A )  
with established m a m m a r y  turnouts with 5 
day cycles of  100#g monohydroxy tamoxi fen  
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 dramat ic  reductions 
in tumour  area. T r e a t m e n t  with monohydroxy-  
tamoxifen did cause some tumours to under-  
go regression whilst others remained static or 
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mammary turnouts. Controls ( 0 )  were injected with peanut oil. Twenty rats per group. 

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

E/.]i'cls in ovarieclomized rals 

A comparison of the uterine effects of tam- 
oxifen (800 or 0.2gg daily) and monohydroxy- 
tamoxifen (50 or O.012#g daily) showed that 
only the higher dose of each compound was 

biologically active and the effects of tamoxifen 
were more long-term than the effects of mono- 
hydroxytamoxifen. During therapy tam- 
oxifen (800#g) and monohydroxytamoxifen 
(50#g) both increased uterine wet weight 
(Fig. 8a) and the uterine binding of [3H] 
R5020 (Fig. 8b) and completely reduced the 
uterine binding of [3H] oestradiol (Fig. 8c). 
However uterine wet weight and [3HI R5020 
binding rapidly decreased during the 2 weeks 
after the last injection of monohydroxytam- 
oxifen and the binding of [3H] oestradiol in- 
creased. Five weeks after the end of therapy 
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not previously received any other treatments whereas treatment B 
animals had been injected with 3 #g monohydroxytamoxifen (5 
times per week)from 30 days after D M B A  administration. 

Control animals received injections of peanut oil. 

with monohydroxy tamoxi fen  there was no 
significant difference between the t rea tment  
and control  groups in all parameters  studied. 
In contrast  the uterine effects of  tamoxifen 
(800#g dai ly)  were main ta ined  until the end 
of the exper iment  i.e., 5 weeks after therapy  
was tinished. 

In a separate exper iment ,  the dose-related 
effect of  tamoxifen on the ovar iectomized rat  
uterus was compared.  After four 5-day cycles 
of lamoxifen therapy  (3, 50 or 800#g  dai ly)  
there was a dose-related decrease in the ute- 
rine binding of  [3H] oestradiol and a dose- 
related increase in the uter ine binding of  [3H] 
R5020 (Fig. 9). Dur ing  the 84 days after the 
end of  therapy  the dose-related increase in 
uterine wet weight (Fig. 10) gradual ly  re- 
turned towards control  values however  even 
at 84 days after therapy  the uterine wet 
weight of  the groups previously treated with 
800#g  tamoxifen daily and 50#g  tamoxifen 
daily were still significantly ( P < 0 . 0 0 1 )  higher 
than controls. 

D I S C U S S I O N  

Th e  p r imary  aim of  the present study was 
to establish a suitable assay system to evaluate 
the an t i tumour  potential  of  the potent  anti- 
oestrogen monohydroxytamoxi fen .  T h e  anti- 
oestrogen tamoxifen was selected for compara-  
tive purposes since it is a l ready established as 
a therapy  in advanced  breast cancer  [4]. 
Ideal ly a t ransplantable  m a m m a r y  turnout  
system would provide the most accurate  assay 
method,  however  the lack of  hormone  re- 
sponsivendss in the tumour  system previously 
evaluated in this labora tory  [12] directed our  
at tent ion to the DMBA-induced  rat Tnam- 
mary carc inoma 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 ant i tumour 
activity of antioestrogens in the early stages of 
turnout 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 prola('tin levels 117] and it is possible 
that breast tissue DNA synthesis may be 
inhibited since antioestrogens have been found 
to inhibit cell division in other oestrogen 
target tissues of the rat t18]. Theretbre under 
these conditions the process of carcinogenesis 
may be inhibited rather than malignant cells 
destroyed. Furthermore besidcs any direct ef- 
fects upon the breast tissue, it is not known 
whether antioestrogens alter the metabolic 
transformations normally undergone by the 
DMBA molecule [191 that may, in turn, be 
fnndamental to carcinogenesis. After consider- 
ation of these factors, all therapies wcrc 
instituted 98 days after I)MBA 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 ofrrrono- 
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- 
oxiti'n at inhibiting the rate of tumour ap- 
pearance and reducing the number of tu- 
mours. In general similar doses of tamoxifen 
and monohydroxytamoxifen were uhimately 
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- 
t~ct whilst tamoxifen was more slowly acting. 
h is possible that the increased hydrophilic 
nature of" the monohydroxy(amoxit~n mol- 
ecule coupled with increased affinity for the 
oestrogen receptor [8] may result in im- 
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 
dose of tamoxifen. 

The finding that an early, short course of 
monohydroxytamoxifen only reduced the 
numbers of tumours rather lhan 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 dcpcnctcncy o[" 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. 
Theretbre it appears that the maintenance of 
high blood levels of a short acting anti- 
()estrogen 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 in 
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 vivo. 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 ~ se- 
cond anti-hormonal therapy i.e., ovaricct~mly 
(Figs. 3 and 4). Similarly, during the con- 
tinuous administration of monohydroxytam- 
¢)xil~'n (50/~g daily, 5 times per week), a single 
turnout 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 dep6t 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 in 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 in vivo and in vitro. 
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